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16.  Abstract 

The  Oceanic  (and  eelected  Non-Oceanic)  Area  Systea  Improvement  Study  (OASIS),  conducted  by  SRI 
International  under  contract  with  the  Federal  Aviation  Adainiatration  (FAA),  waa  part  of  a  broad 
oceanic  aeronautical  ayatea  improvement  atudy  program  coordinated  by  the  "Committee  to  Review  the 
Application  of  Satellite  and  Other  Techniques  to  Civil  Aviation"  (also  called  the  Aviation  Review 
Coiaaittee  or  the  ARC).  The  OASIS  Project,  with  inputa  from  the  international  aviation  ccwsnunity , 
examined  currant  and  potential  future  oceanic  air  traffic  control  (ATC)  systems  in  the  North  Atlan¬ 
tic  (MAT),  Central  East  Pacific  (CEP),  and  Caribbean  (CAR)  regions.  This  phase  of  the  Aviation 
Review  Committee  program  began  in  late-1978  and  was  completed  in  mid-1981. 

The  thrust  of  the  Aviation  Review  Cooanittee  program,  which  OASIS  broadly  supported,  was  to  ana¬ 
lyze  the  present  ATC  systems;  examine  future  system  requirements;  identify  areas  where  the  present 
systems  might  be  improved;  and  develop  and  analyse  potential  system  improvement  options.  The  time 
frame  of  this  study  is  the  period  1979  to  2005. 

•This  report  describes  potential  improvement  alternatives  to  air  traffic  services  (ATS)  systems 
in  the  MAT,  CEP,  and  CAR.  The  improvements  would  affect  the  comnunication,  navigation,  and  surveil¬ 
lance  functions,Aand  include:  vertical  separation  minimum  reduction  above  Flight  Level  290;  an  air¬ 
borne  separation  assurance  device;  automatic  dependent  surveillance  with  either  network  HF  data  link 
and  voice  or  satellite  data  link  and  voice;  cooperative  independent  surveillance  with  multiple 
satellite  data  link  and  voice;  and  combinations  and  derivatives  of  these  improvements  including  a 
simple  network  f^F  data  link  and  voice  system.  The  provider  and  user  costs  of  the  potential  impove- 
ments  were  estimated,  including  capital,  operating  and  maintenance,  and  flight  costs.  The  flight 
costs  for  fuel,  crew,  and  maintenance  were  estimated  using  the  Flight  Cost  Model  (FCM)  computer  pro¬ 
gram  which  simulates  alternative  separation  minima  and  operations  corresponding  to  selected  poten 
tial  improvement  configurations,  and  considers  anticipated  future  traffic.  The  total  costs  to  the 
year  2005  of  the  improvement  configurations  were  compared  to  assess  their  economic  feasibilities. v 
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PREFACE 


The  Oceanic  Area  System  Improvement  Study  (OASIS)  was  conducted  in 
coordination  with  the  "Committee  to  Review  the  Application  of  Satellite 
and  Other  Techniques  to  Civil  Aviation  (also  called  the  Aviation  Review 
Committee  or  the  ARC)."  This  study  examined  the  operational,  technolog¬ 
ical,  and  economic  aspects  of  the  current  and  proposed  futute  oceanic 
air  traffic  systems  in  the  North  Atlantic  (NAT),  Caribbean  (CAR),  and 
Central  East  Pacific  (CEP)  regions  and  assessed  the  relative  merits  of 
alternative  improvement  options.  A  key  requirement  of  this  study  was  to 
develop  a  detailed  description  of  the  present  air  traffic  system.  In 
support  of  this  requirement,  and  in  cooperation  with  working  groups  of 
the  Committee,  questionnaires  were  distributed  to  the  providers  and 
users  of  the  oceanic  air  traffic  systems.  Responses  to  these  question¬ 
naires,  special  reports  prepared  by  system  provider  organizations,  other 
publications,  and  field  observations  made  by  the  OASIS  staff  were  the 
basis  for  the  systems  descriptions  presented  in  this  report.  The 
descriptions  also  were  based  on  information  obtained  during  Working 
Group  A  and  B  meetings  and  workshops  sponsored  by  Working  Group  A.  The 
information  given  in  this  report  documents  the  state  of  the  oceanic  air 
traffic  system  in  mid  1979. 

In  the  course  of  the  work  valuable  contributions,  advice,  data,  and 
opinions  were  received  from  a  number  of  sources  both  in  the  United  States 
and  outside  it.  Valuable  information  and  guidance  were  received  and 
utilized  from  the  International  Civil  Aviaiton  Organization  (ICAO),  the 
North  Atlantic  Systems  Planning  Group  (NAT/SPG),  the  North  Atlantic 
Traffic  Forecast  Group  (NAT/TFG),  several  administrations,  the  Interna¬ 
tional  Air  Transport  Association  (IATA),  the  airlines,  the  International 
Federation  of  Airline  Pilots  Association  (IFALPA),  other  aviation  asso¬ 
ciated  organizations,  and  especially  from  the  "Committee  to  Review  the 
Application  of  Satellite  and  Other  Techniques  to  Civil  Aviation." 

It  is  understood  of  course,  and  should  be  noted,  that  participation 
in  this  work  or  contribution  to  it  does  not  imply  either  endorsement  or 
agreement  to  the  findings  by  any  contributors  or  policy  agreement  by  atiy 
administration  which  graciously  chose  to  contribute. 
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S.O  EXECUTIVE  SUMMARY 


S.l  Introduction 

This  study  assesses  the  technical,  operational,  and  economic  feasi¬ 
bilities  of  developing  and  applying  potential  improvements  to  air 
traffic  services  (ATS)  in  selected  oceanic  and  low  air  traffic  density 
areas,  while  maintaining  or  enhancing  the  level  of  safety.  The  improve¬ 
ments  of  primary  concern  are  those  that  can  enhance  separation  assurance 
services  and  reduce  overall  operating  costs.  Flight  operating  costs  may 
be  decreased  by  reducing  constraints  imposed  by  current  separation 
minima.  The  improvements  address  communication,  navigation,  surveil¬ 
lance,  and  self-contained  airborne  separation  assurance  functions  and 
associated  operating  procedures. 

The  work  accomplished  has  provided  quantitative  data  that  can  be 
used  by  the  world  aviation  community  to  narrow  significantly  the  choices 
for  improving  ATS  systems  in  oceanic  areas  of  the  world  and  in  other 
areas  where  similar  systems  can  enhance  air  traffic  services.  The  data 
is  based  both  on  economic  assumptions  and  forecasts,  and  on  analyses  or 
judgements  of  the  feasibility  of  achieving  certain  of  the  technical 
improvements  sought.  Within  the  set  of  choices,  these  parameters  must 
be  refined,  and  detailed  implementation  plans  developed  and  examined 
before  singular  decisions  can  be  mad~e^  And  of  course,  future  ATS 
improvement  decisions  must  continue  to  be  made  in  the  successful  evolu¬ 
tionary  context  of  past  and  ongoing  improvement  and  enhancement  plans. 

The  study  evaluated  potential  improvements  by  developing  design 
concepts  for  each  improvement  (based  on  technical  and  operating  require¬ 
ments)  and  then  estimating  and  comparing  the  costs  of  developing  and 
implementing  the  improvements  and  the  flight  operating  costs  associated 
with  each  improvement.  The  study  yielded  the  following  results. 

(1)  The  application  of  1000  feet  (ft)  vertical  separation  minimum 
above  flight  level  (FL)  290  in  oceanic  and  domestic  areas,  and 
only  in  oceanic  areas  as  a  possible  alternative,  would  achieve 
large  savings  in  system  operating  costs  due  to  reductions  in 
user  flight  costs  (i.e.,  total  fuel,  crew  and  maintenance 
costs).  The  user  flight  cost  savings  are  sufficiently  large 
to  justify  significant  cost  in  research  and  development, 
avionics  upgrading  or  implementation  of  technology  to  support 
the  1000  foot  vertical  minimum. 


(2)  The  application  of  30  nmi  lateral  and  5  min  longitudinal 
minima,  or  of  15  nmi  lateral  and  7.  min  longitudinal  minima 
baaed  on  the  implementation  of  any  of  the  potential  improve¬ 
ments  listed  below  in  conjunction  with  the  indicated  naviga¬ 
tion  system  performance  improvements  will  yield  overall  coat 
efficiencies  (the  navigation  system  improvements  are  identi¬ 
fied  later  in  this  executive  summary  and  are  assumed  to  be 
developed  in  an  evolutionary  manner). 

•  Use  of  airborne  separation  assurance  devices  to  enable 
aircraft  to  detect  potential  conflicts  and  avoid  them, 
(which  might  achieve  30  nmi  lateral  and  5  min  longitudinal 
and  2000  ft  vertical — 30  nmi/ 5  min/ 2000  ft — minima  in 
conjunction  with  an  improved  Minimum  Navigation  Performance 
Secif ication  (MNPS  (Improved)). 

•  Automatic  dependent  surveillance  using  a  new  high  frequency 
(HF)  data  link  and  voice  communication  system  that  provides 
direct  pilot  to  controller  communications,  which  might 
achieve  30  nmi/5  min/2000  ft  minima  in  conjunction  with 
MNPS  (Improved). 

a  Automatic  dependent  surveillance  using  a  satellite  data 
link  and  voice  communication  system  which  provides  direct 
pilot  to  controller  communications,  which  might  achieve  30 
nmi/5  min/2000  ft  minima  in  conjunction  with  MNPS 
( Improved ) . 

•  Combinations  of  the  dependent  surveillance  systems  and  use 
of  airborne  separations  assurance  devices,  which  might 
further  support  the  30  nmi/5  rain/2000  ft  minima  in  conjunc¬ 
tion  with  MNPS  (Improved). 

•  Cooperative  independent  surveillance  of  aircraft  using  a 
multiple  satellite  data  link  and  voice  communications 
systems,  which  might  achieve  15  nini/2  min/2000  ft  minima  in 
conjunction  with  an  MNPS  (Advanced). 

(3)  A  simple  network  HF  data  link  and  voice  communications 
improvement  capable  of  providing  direct  pilot-to-controller 
communications  has  been  estimated  to  provide  potential  cost 
savings  without  reduced  separation  minima.  The  cost  savings 
would  result  from  partially  automating  some  manual  processes 
involved  in  operating  the  current  high  frequency  (HF)  single 
sideband  (SSB)  voice  communication  system. 

The  above  improvements  include  airborne  separation  assurance  device 
and  surveillance  functions.  However,  the  applicaion  of  these  functions 
are  never  assumed  to  be  a  substitute  for  adequate  navigation  system 
performance,  but  are  intended  primarily  to  prevent  potential  conflicts 
due  to  large  navigation  errors. 


n>c  potential  cost  benefits  of  the  vertical  improvements  in  the 
h'nrth  Ariantic  (NAT)  oceanic  region  could  he  on  the  order  of  430  million 
discounted  dollars  considering  operations  through  the  year  2005, 
a  stunning  no  <mr>i*ovemento  in  altimetry  are  needed.  Lateral  and  iongi- 
todioal  separation  reductions  have  indicated  comparable  benefits  on  the 
order  *f  13'.  million  discounted  dollars.  The  corresponding  benefits 
estimated  £oi  the  Central  East  Pacific  (CEP)  oceanic  region  are  on  the 
order  of  U)0  million  and  50  million  discounted  dollars  for  the  vertical 

and  the  lateral  and  longitudinal  minima  i-eductions,  respectively. 

Some  of  the  improvements  offer  less  sensitivity  to  assumptions 
concerning  implementation  coats  and  technical  feasibility.  For  example, 
both  1000  ft  vertical  separation  above  FL  290  and  the  use  of  a  separa¬ 
tion  assurance  device  yield  significant  flight  cost  reductions  based  on 
moderate  capital  investments,  and  the  estimated  cost  efficiencies 
associated  with  theaa  improvements  would  not  be  jeopardized  by  reason¬ 
able  changes  to  the  cost  estimation  assumptions.  As  another  example, 

I. be  network  HF  data  link  and  voice  system  requires  additional  develop^ 
mental  study  to  confirm  ita  technical  ability  to  overcome  HF  propogation 
limitations  and  provide  the  communications  reliability  necessary  to 
support  a  reduction  of  separation  minima,  when  used  in  conjunction  with 
automatic  dependent  surveillance.  The  comparable  automatic  dependent 
surveillance  with  a  satellite  data  link  and  voice  system  has  less  tech¬ 
nical  uncertainty. 

Some  of  these  improvements  could  provide  benefits  which  are  not 
quantified  in  terms  of  cost.  For  example,  the  use  of  the  separation 
assurance  device  has  the  potential  for  enhancing  safety  in  airspace 
areas  in  which  limited  air  traffic  services  are  provided,  and  the  appli¬ 
cation  of  automatic  dependent  surveillance  to  impact  the  level  of 
tactical  control  could  provide  additional  unquantified  user  cost  savings 
even  without  a  reduction  in  separation  minima. 

Important  variations  of  the  above  improvements  have  also  been  con¬ 
sidered.  For  example,  deleting  the  voice  requirement  from  a  satellite 
system  could  save  the  aviation  community  about  35  million  discounted 
dollars  over  the  cost  of  a  comparable  system  which  includes  a  voice 
channel.  Also,  the  use  of  a  simple  network  HF  data  link  and  voice 
system  with  separation  minima  reduction  could  yield  significant  cost 
efficiencies  based  on  reduced  user  flight  costs. 

The  remainder  of  this  summary  contains  a  more  detailed  review  of 
the  improvements  considered  and  the  results  of  the  analyses  conducted 
for  the  NAT,  CEP  and  Caribbean  (CAR)  regions. 
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The  <-•>'  ATS  systems  presently  implemented  and  operating  proce- 

'1.u*er  o-.-rently  use,i  in  various  parts  of  the  world  have  regional  varia¬ 
tions  consistent  with  geographic  constraint  In  oceanic  areas,  the 
in.  i  of  snitaMe  land  sites  preclude  the  installation  of  line-df-site 
communications  and  the  HF  air-ground  voice  communication  is  used.  Long- 
range  navigation  techniques  include  doppler  system,  inertial  navigation 
systems  (INS)  and  Omega.  Piloc-to-controiler  communications  are  conduc¬ 
ted  with  a  radio  operator  intermediary.  Aircraft  position  reports 
relayed  to  traffic  controllers  are  used  for  flight  monitoring  purposes. 

While  these  current  systems  have  proved  adequate  to  support  safe 
flight  operations,  the  question  arises  as  to  the  potential  for  reducing 
flight  costs  Ly  reducing  lateral,  longitudinal  and  vertical  separation 
minimi.  These  minima  are  established  by  international  agreement  based 
in  part  on  the  operating  characteristics  of  the  communication,  naviga¬ 
tion  -md  surveillance  systems,  and  reflect  the  capability  of  the  ATS 
system  to  monitor  aircraft  flight  progress  (e.g. ,  present  position  and 
future  position  estimates),  and  intervene  and  resolve  potential  viola¬ 
tions  of  the  separation  minima  (i.e.,  potential  conflicts).  In  particu¬ 
lar,  the  magnitude  of  the  separation  minima  are  influenced  by  the 
abilicy  of  ATS  system  to  recognize  potential  conflicts  (including  those 
due  to  deviations  from  assigned  flight  paths  in  controlled  airspace), 
determine  corrective  actions,  and  communicate  appropriate  clearances  to 
aircraft  in  a  timely  manner. 

Current  systems  in  oceanic  and  various  low  traffic  density  areas 
support  comparatively  large  lateral  and  longitudinal  separation  minima, 
relative  to  domestic  systems  using  radar.  For  example,  the  separation 
minima  planned  for  application  by  1982  in  the  NAT  oceanic  region  are  60 
nni  laterally,  10  min  longitudinally  (under  constant  Mach  number  tech¬ 
nique  procedures)  and  2000  ft  vertically  (60  nmi/10  min/2000  ft).  Those 
minima  a re  established  in  conjunction  with  MNPS,  which  requires  the 
system  to  satisfy  stipulated  navigation  performance  specifications.  In 
the  CEP,  the  corresponding  separation  minima  are  100-30  nmi/I5  min/2000 
ft,  where  100-50  nmi  indicates  a  composite  system.  Similar  separation 
minima  are  applied  in  areas  such  as  the  CAR  and  Africa  (AFI)  regions, 
but  with  allowances  for  local  reductions  according  to  the  availability 
of  ground  based  facilities. 

Also,  strategic  control  procedures  are  commonly  used.  The  strate¬ 
gic  control  procedures  require  assignment  of  conflict  free  flight  paths 
to  aircraft  for  long  flight  distances  (e.g,,  for  the  length  of  an  over- 
ocean  flight  segment).  Tactical  control  procedures,  in  which  potential 
conflict  intervention  is  conducted  on  a  minute-by-minute  basis,  are 
rarely  used  in  these  areas.  The  relatively  large  separation  minima  and 
associated  strategic  procedures  introduce  extended  diversions  from 
preferred  flight  paths  when  potential  conflicts  are  resolved.  The  user 
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flight  costs  of  such  diversions  can  be  reduced  by  separation  minima 
reductions  (and  by  the  introduction  of  capabilities  for  controllers  to 
effect  more  tactical  control). 

The  Committee  to  Review  the  Application  of  Satellite  and  Other 
Techniques  to  Civil  Aviation  (the  Aviation  Review  Committee  or  the  ARC) 
has  considered  and  identified  various  potential  improvements  as  means  to 
enhance  separation  assurance  service  and  to  enable  reductions  of  separa¬ 
tion  minima.  An  analysis  of  the  ATS  user  and  provider  capital  artd 
operating  costs  has  been  conducted  based  on  the  potential  improvements 
identified  by  the  Aviation  Review  Committee.  The  descriptions  of  the 
major  improvements  and  their  costs,  as  presented  in  the  following  para¬ 
graphs  relative  to  NAT  implementations ,  are  based  in  large  part  on  the 
considerations  made  by  the  Aviation  Review  Committee.  The  applications 
of  potential  improvements  in  the  CEP  and  CAR  are  addressed  later  in  this 
executive  summary. 

S.3  NAT  Potential  Improvement  Implementations 

5.3.1  Vertical  Improvements 

The  operation  of  aircraft  with  a  1000  ft  vertical  separation  mini¬ 
mum  above  FL  290  is  the  most  important  improvement  option  in  terms  of 
potential  savings  in  fuel  and  other  operating  costs.  The  United  States 
Federal  Aviation  Administration  (FAA)  is  considering  a  plan  to  determine 
the  potential  for  reduction  of  vertical  separation  above  FL  290  to  1000 
ft.  In  this  study,  estimated  costs  of  that  plan  were  combined  with 
assumed  costs  for  possible  avionics  improvements  to  permit  calculation 
of  the  sensitivity  of  vertical  minimum  reduction  cost  benefits  to  costs 
of  system  changes  which  a  research  and  development  program  based  on  test 
outcomes  might  yield.  A  vertical  performance  specification  (PS)  is 
expected  to  be  required  in  conjunction  with  1000  ft  vertical  separation 
above  FL  290. 

5.3. 2  Airborne  Separation  Assurance  Device 

These  self-contained  airborne  devices  would  detect  otherwise 
undetected  conflicts  and  would  identify  collision  avoidance  maneuvers. 
Such  devices,  in  conjunction  with  MNPS  (Improved),  might  provide  a 
margin  of  safety,  with  respect  to  occasional  navigation  errors,  adequate 
to  allow  reductions  of  rainimums  to  30  nmi  laterally  and  5  min  longitu¬ 
dinally  while  holding  fixed  the  2000  ft  vertical  minimum.  The  MNPS 
(Improved)  establishes  new  navigation  system  performance  specifications 
which  are  more  stringent  than  the  present  MNPS  and  which  should  help 
limit  the  frequency  of  navigation  deviations  to  the  degree  that  the 
occurrences  of  collision  avoidance  maneuver  are  limited  to  an  acceptable 
level. 
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Available  information  on  prototypes  being  developed  and  tested  by 
the  FAA  was  used  to  estimate  costs  and  make  calculations  demonstrating 
the  characteristics  of  such  devices.  The  separation  asurance  device  was 
considered  under  the  assumptions  that  either  100%  or  50%  of  the  user 
avionics  capital  costs  are  allocated  to  NAT  operations. 

S.3.3  Automatic  Dependent  Surveillance  with  Network  HF 
Data  Link  and  Voice 

This  improvement  would  enable  air  traffic  control  (ATC)  units  to 
monitor  aircraft  movement  using  aircraft  position  data  derived  by 
aircraft  avionics  systems  and  automatically  transmitted  to  the  ground 
units  by  HF  data  link.  Pilots  and  controllers  would  conduct  direct 
digital  data  and  occasional  voice  communications  between  each  other 
using  the  HF  radio  frequencies.  Automated  ATC  data  handling,  traffic 
situation  displays  for  controllers,  and  associated  advanced  ATC  automa¬ 
tion  are  included  in  this  improvement,  and  would  be  employed  to  support 
air  traffic  control  operations. 

Otherwise  unresolved  interruptions  to  HF  air-ground  communication 
due  to  ionospheric  propagation  vagaries  would  be  circumvented  through 
spacial  and  frequency  diversity  techniques.  Spacial  diversity  would  be 
obtained  using  five  HF  ground  communication  stations  in  a  systematic 
manner.  The  stations  would  all  be  connected  to  and  controlled  by  each 
or  either  of  two  master  control  stations  (each  on  different  sides  of  the 
Atlantic)  to  form  a  network.  The  master  stations  coordinate  and  control 
polling  of  aircraft  by  dynamically  assigning  frequencies  and  airdraft  to 
particular  ground  stations.  Frequency  diversity  would  be  achieved  with 
sounding  techniques.  In  particular,  ground  stations  would  transmit 
periodically  on  all  the  frequencies  being  used,  and  the  aircraft 
avionics  would  be  capable  of  continuously  identifying  and  choosing 
satisfactory  frequencies  suitable  for  communications  during  each  portion 
of  that  aircraft's  flight.  Existing  HF  SSB  avionics  would  be  enhanced  to 
support  this  improvement.  The  existing  HF  single  side  band  (SSB)  ground 
station  equipment  would  be  supplemented  considerably,  and  some  sites 
might  be  moved  or  otherwise  reconfigured. 

The  HF  network  would  be  designed  to  service  a  peak  instantaneous 
aircraft  count  exceeding  200  aircraft  (i.e.,  estimated  traffic  for  the 
year  2005).  Most  aircraft  would  be  polled  to  obtain  position  data  every 
five  minutes,  and  aircraft  pairs  operating  close  to  the  separation 
minima  would  be  polled  as  frequently  as  deemed  necessary,  possibly  once 
every  30  seconds. 

The  existing  HF  (SSB)  ground  station  radio  operator  staffs  would  be 
reduced  relative  to  their  projected  size.  These  operators,  who  would 
handle  residual  HF  SSB  voice  communications,  would  operate  within  facil¬ 
ities  scaled  to  the  projected  size  of  existing  HF  SSB  communication 
stations  such  as  the  one  in  San  Juan.  The  automated  communication 
system  facilities  would  be  colocated  and  integrated  with  the  existing 
stations . 
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This  improvement,  in  conjunction  with  MNPS  (Improved),  is  assumed 
to  support  a  reduction  in  separation  minima  to  30  nmi  laterally  and  5 
min  longitudinally  while  maintaining  the  2000  ft  vertical  minimum, 
subject  to  the  conditions  that:  (1)  the  distribution  of  along-track  and 
cross-track  navigation  errors  would  be  compatible  with  an  acceptable 
level  of  safety  for  these  reduced  minima;  note  that  the  MNPS  (Improved) 
should  ensure  that  the  main  bodies  of  the  lateral  navigation  performance 
distribution  would  not  significantly  overlap  with  the  30  nmi  lateral 
minimum;  and  (2)  in  regard  to  the  tails  of  the  distribution,  the  auto¬ 
matic  dependent  surveillance  function  would  be  capable  of  sufficient 
detection  of  large  errors  such  that  corrective  action  could  be  taken  by 
controllers  to  preclude  those  deviations  from  developing  to  the  point  of 
posing  a  collision  risk,  and  that  the  frequency  of  such  detection  and 
corrective  actions  would  be  limited  to  an  acceptable  level  of  occur¬ 
rence;  note  that  direct  pilot-controller  communication  should  allow  real 
time  monitoring  and  intervention  as  necessary  to  assist  in  achieving  and 
maintaining  the  3  min  longitudinal  minimum.  This  improvement  in  con¬ 
junction  with  an  airborne  separation  assurance  device  and  MNPS  (Improved) 
would  protect  against  potential  collision  risk  associated  with  unde¬ 
tected  large  errors,  and  would  also  support  establishment  of  the  30  nmi 
lateral  and  5  min  longitudinal  separation  minima. 

These  reduced  separation  minima  are  assumed  to  be  applied  in  1990, 
which  would  allow  time  for  system  development  and  implementation.  How¬ 
ever,  even  with  this  sophisticated  HF  system  design,  a  significant  test 
program  is  anticipated  to  be  needed  to  determine  if  sufficient  communi¬ 
cation  link  reliability  would  be  available  to  support  the  minima  reduc¬ 
tions. 


S.3.4  Simple  Network  HF  Data  Link  and  Voice  With  and  Without 
Separation  Minima  Reduction 

A  simple  network  HF  data  link  concept  was  examined  as  a  lower  cost 
means  for  providing  direct  pilot-to-controller  digital  data  communica¬ 
tions,  with  occasional  voice  services  being  provided  by  appropriate 
residual  HF  SSB  capabilities.  This  concept  essentially  involves  the 
establishment  of  HF  data  link  capabilities  at  the  existing  ground 
facilities  and  on  aircraft,  and  the  provision  of  upgraded  data  links 
between  the  ground  facilities.  This  net'-ork  would  be  controlled  by  two 
master  control  stations  (one  on  each  sidu  of  the  Atlantic),  but  would 
not  employ  systematic  sounding  and  frequency  agility  to  the  extent  of 
the  automatic  dependent  surveillance  with  network  HF  data  link  and  voice 
system  which  is  described  in  the  preceding  paragraphs.  Aircraft  would 
be  polled  to  obtain  position  data  on  the  average  of  once  every  five 
minutes . 

Three  options  were  considered:  one  that  is  assumed  not  to  support 
any  reduction  of  separation  minima;  one  that  is  assumed  to  support  a 
reduction  to  30  nmi/5  min/ 2000  ft  in  conjunction  with  MNPS  (Improved); 
and  one  that  consists  of  the  previous  option  plus  the  airborne  separa¬ 
tion  assurance  device.  The  three  options  are  assumed  to  accomplish  the 
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•  .-.v-i »v„  i mprovewenta :  tl)  provide  direct  pilot-to-controller  consnum- 
s-of  i .<n« ,  \'.j  increase  coiojunicar. m  reliability  (due  Co  signal  struc¬ 
ture,  -  od  >'  j;o  ;.;nu  automa  '  •?.  r<i  cransnuBa  1  on  possibilities,  (3)  provide  a 
is  tor  implement  ing  automatic  dependent  surveillance,  (4)  effect 
bctfu.:  nirapace.  utilization  and  increased  tactical  control  (through 
improvements  ( i)  through  (3)  above),  and  (5)  reduce  the  level  of  labor 
iuccnaivencaa  associated  with  the  present  voice  based  system.  The 
options  are  assumed  to  have  the  onme  level  of  ATC  automation  and  display 
hardware  implement 3 1 ion  as  the  network  HF  data  link  and  voice  improve¬ 
ment  The  only  difference  assumed  between  the  first  and  the  other  two 
alternatives,  from  the  system  design  and  operational  aspects,  is  that 
the  first  would  have  a  single  unit  avionics  installation,  while  the 
other  two  would  have  a  dual  unit  installation  to  support  the  separation 
minima,  reduction,. 

in  regard  to  cue  simple  network  HF  data  link  and  voice  without 
separation  minima  reduction,  single-unit  HF  avionics  equipment  is 
assumed  to  he  -.natal I ed  gradually  beginning  in  the  mid-1980s,  with  full 
fleet  equippage  occur ing  by  1993.  This  schedule  would  allow  expansion 
to  dual-unit  HF  avionics  in  the  early  1990s  if  a.  decision  is  made  to 
evolve  to  simple  network  HF  data  link  and  voice  with  separation  minima 
reductions  in  conjunction  with  MNPS  (Improved);  such  a  decision  is 
contingent  on  the  determination  that  the  simple  network  HF  data  link  and 
voice  system  la  capable  of  supporting  30  nmi  lateral  and  5  min  longi¬ 
tudinal  minima  subject  to  the  conditions  as  stated  previously  for  the 
case  of  automatic  dependent  surveillance  with  network  HF  data  link  and 
voice.  Tlie  addition  of  the  airborne  separation  assurance  device  would 
protecc  against  potential  collision  risk  associated  with  undetected 
large  errors,  and  would  provide,  protection  against  collision  if  the  data 
link  system  link  reliability  became  poor  for  a  period  of  time. 

S  3.b  Automatic  Dependent  Surveillance  with  Satellite 
Data  Linn  and  Voice 

This  improvement,  like  the  network  HF  and  simple  network  HF  data 
1 1 nk  ana  voice  improvements,  would  enable  air  traffic  control  units  to 
monitor  aircraft  movement  by  using  aircraft  position  data  derived  from 
aircraft  avionics  systems  and  automatically  transmitted  to  the  ground 
units  i>y  a  satellite  uata  link-  Pilots  and  controllers  would  conduct 
direct  digital  data  and  occasional  voice  communications  with  each  other 
os. eg  cr.e  satellite  relay.  Automated  aTC  data  handling,  controller 
*1 1  j p  ays,  and  -.uvanced  ATb  automation  would  be  employed  to  support  air 
trafiic  control  operations. 

Th.»  air- ground  (via  gr ound-sate  1  Lite  and  satellite-aircraft  links) 
communications  would  be  provided  by  satellite  transponders.  The  trans¬ 
ponders  .me  as burner  to  be  part  of  a  small  aviation  package  on  a  geo— 
stationary  satellite  along  with  other  non-aviation  payloads.  One 


operational  and  one  spare  transponder  are  assumed,  each  on  a  separate 
satellite  in  orbit.  The  system  would  have  one  voice  channel  per  trans¬ 
ponder.  Aircraft  would  be  polled  on  C-band  ground-satellite  links  and 
L-band  satellite-aircraft  links  to  obtain  position  data.  Two  master 
eqrth  stations  (one  on  each  side  of  the  Atlantic)  would  control  the 
polling  of  aircraft  and  the  distribution  of  poll  data  to  ATC  facili¬ 
ties.  Air  traffic  control  units  would  be  linked  to  the  master  earth 
stations  by  C-band  ground-ground  links  provided  as  part  of  the  aviation 
satellite  package  capability.  Aircraft  would  carry  dual  L-band  trans¬ 
ceivers  and  one  L-band  antenna  in  addition  to  HF  SSB  equipment  currently 
in  use. 

Existing  HF  SSB  ground  stations  would  continue  to  function  with 
much  smaller  staffs  and  less  equipment  than  would  be  required  if  no 
improvements  in  the  communications  system  were  made.  The  existing 
facilities  and  staffs  would  be  scaled  to  the  projected  size  of  small 
existing  stations  such  as  the  one  in  San  Juan. 

The  satellite  transponders  and  supporting  ground  stations  would  be 
designed  to  service  a  peak  instantaneous  aircraft  count  of  more  than  200 
aircraft  (i.e.,  the  estimated  year  2005  requirement).  Most  aircraft 
would  be  polled  at  5  minute  intervals,  and  aircraft  pairs  operating 
close  to  the  separation  minima  would  be  polled  as  frequently  as  once 
every  30  seconds. 

This  improvement,  in  conjunction  with  MNPS  (Improved),  is  expected 
to  support  the  application  of  30  nmi  and  5  min  longitudinal  separation 
minima  in  1990,  which  would  allow  time. for  system  development  and  imple¬ 
mentation.  Implementation  of  the  reduced  separation  minima  is  subject 
to  the  same  conditions  specified  in  preceding  paragraphs  for  automatic 
dependent  surveillance  with  network  HF'  data  link  and  voice  regarding 
navigation  deviations  and  their  detection  and  correction.  However, 
communication  link  reliability  is  not  an  unknown  element  as  in  the  case 
of  HF  systems.  This  satellite-based  improvement,  in  conjunction  with  an 
airborne  separation  assurance  device  and  MNPS  (Improved),  would  further 
protect  against  potential  collision  risk  and  would  also  support  estab¬ 
lishment  of  the  30  nmi  lateral  and  5  min  longitudinal  separation  minima 
in  1990. 

S.3.6  Cooperative  Independent  Surveillance  with 
Multiple  Satellite  Data  Link  and  Voice 

This  improvement  would  enable  air  traffic  control  units  to  monitor 
aircraft  movements  by  using  aircraft  position  data  calculated  by  the 
ground  units  based  on  signals  received  from  aircraft  carrying  compatible 
transponders  (i.e.,  transponders  analogous  to  those  used  with  secondary 
surveillance  radar),  which  are  integral  parts  of  the  avionics  units. 
Pilots  and  controllers  would  conduct  dir<ct  digital  data  and  occasional 
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*'o i r.t  e . n«i i a i o a l  lone  .-v  h  «<ic'n  other  using  the  multiple  satellite 
i-omra.:Kca;i’!'i  re  a  ay  oapan ,  '.ity  •  Automated  A'J’C  data  handling,  controller 
displays  anu  aasoc.iai.eo  advanced  ATC  automation  would  be  employed  to 
support  axr  traJ!r«.c  control  operations, 

Survail 1 ance  would  be  accomplished  by  satellite  communication  links 
connecting  the  master  control  earth  stations  and  aircraft.  The  air- 
ground  and  ground-ground  communications  tor  this  improvement  WOUld  be  39 
described  above  for  the  automatic  dependent  surveillance  with  satellite 
data  link  and  voice  alternative-  Two  operational  satellite  trans¬ 
ponders,  each  on  a  different  geostationary  satellite  would  be  required 
wO  provide  the  capability  for  determining  aircraft  position  (i.e.,  to 
satisfy  the  cooperative  independent  surveillance  function),  and  one 
additional  satellite  transponder  is  assumed  to  be  in  orbit  on  a  third 
satellite  as  a  spare.  It  is  assumed  in.  the  cost  analysis  in  this  study 
that  the  transponder  packages  would  share  the  satellite  platforms  with 
other  users;  however,  because,  of  satellite  location  constraints  associa¬ 
ted  with  tne  cooperative  Independent  surveillance  function,  this  might 
cot  he  possible  (if  dedicated  satellites  are  required,  the  costs  would 
be  significantly  higher. )  .  Dual  1-band  avionics  installations  are  assumed. 
The  satellite  data  links  would  be  designed  to  service  a  peak  instantan¬ 
eous  aircraft,  count  of  more  than  200  aircraft  (i.e,,  estimated  require¬ 
ments  for  the  year  2005).  Most  aircraft  would  be  polled  at  5  minute 
interval#,  and  aircraft  pairs  operating  near  separation  minima  would  be 
polled  once  every  30  seconds. 

This  improvement,  in  conjunction  with  MNPS  (Advanced)  is  assumed  to 
support  the  application  of  15  nmi  lateral  and  2  min  longitudinal  separa¬ 
tion  in  1995,  which  would  allow  time  for  system  development  and 
implementation;  the  MNPS  (Advanced)  is  more  stringent  than  the  MNPS 
(Improved).  In  this  case,  the  application  of  the  reduced  minima  are 
subject  to  conditions  analogous  to  those  stipulated  previous  for  the 
automatic  dependent  surveillance  with  data  link  and  voice  except  that 
the  15  min  lateral  and  2  minute  longitudinal  minima  apply  with  MNPS 
(Advanced)  instead  of  30  nmi  and  5  ’in  with  MNPS  (Improved).  Note  that 
cooperative  dependent  surveillance  provides  a  capability  to  detect  all 
navigation  system  errors  independent  of  the  navigation  system. 

S.3.7  60-30  Composite 

In  addition,  several  possible  means  of  achieving  60-30  nmi  com¬ 
posite  separation  were  considered  subject  to  various  uncertainties  in 
the  system  requirements  necessary  to  support  the  composite  separation. 
Achievement  of  a  60-30  nmi  composite  lateral  separation  in  conjunction 
with  10  min  longitudinal  and  2000  ft  vertical  minima  in  1985  might  be 
considered  to  be  based  on  an  extension  of  present  operations,  and  might 
involve  improvements  in  lateral  or  vertical  navigation  performance  or 
both. 
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S.4  NAT  Conf igurations  and  Cost  Comparisons 
S.4.1  Cost  Comparison  Methodology 

Various  potential  improvement  configurations  were  identified  that 
represented  assumed  ATS  system  operating  alternatives  during  the  1979 
through  2005  study  period;  these  configurations  are  listed  in  Table 
S-l.  A  baseline  configuration  represented  continuation  of  the  present 
ATS  system  and  associated  separation  minima,  considering  planned 
improvements.  The  improvement  configurations  were  assumed  to  represent 
a  time-phased  evolutionary  improvement  program  that  included  separation 
minima  reduction  transitions.  Each  potential  improvement  configuration 
represented  continuation  of  baseline  operations  until  the  year  of  imple¬ 
mentation  of  an  improvement  operation,  at  which  time  the  appropriate 
separation  minima  reductions  were  assumed  to  apply. 

The  user  and  provider  capital  and  operating  costs  for  each  configu¬ 
ration  were  estimated  for  the  1979  through  2005  study  period.  The 
capital  and  operating  costs  for  the  potential  improvements  were  based 
largely  on  engineering  analysis  of  the  component  costs  of  the  proposed 
designs.  These  costs  included  the  expenses  required  for  developing, 
purchasing,  and  installing  the  requisite  improvement  equipment  and  the 
associated  annual  operating  and  maintenance  costs.  An  8%  annually  com¬ 
pounded  cost  inflation  rate  was  assumed. 

The  user  flight  operating  costs  for  fuel,  crew  and  maintenance  were 
estimated  by  the  Flight  Cost  Model,  a  computer  simulation  especially 
developed  for  this  study.  The  FCM,  which  was  validated  by  the  Aviation 
Review  Committee  for  the  purposes  of  comparing  the  relative  costs  of  ATS 
operating  alternatives,  replicates  traffic  loading,  route  structures, 
meteoroligical  conditions,  fuel  burn  and  flight  performance  character¬ 
istics  by  aircraft  type,  airline  flight  planning  procedures,  separation 
minima,  and  the  control  procedures  and  conflict  diversion  and  delay 
strategies  used  by  air  traffic  control  authorities.  The  FCM  was  used  to 
simulate  flight  operations  with  step  climb  procedures  and  costs  corres¬ 
ponding  to  various  separation  minima  over  a  range  of  traffic  projections, 
and  thereby  provided  a  means  to  estimate  the  annual  flight  costs 
associated  with  each  potential  improvement,  except  Configuration  20, 
based  on  the  traffic  forecasted  for  each  year  (the  forecasts  were  devel¬ 
oped  in  coordination  with  the  Aviation  Review  Committee).  User  fuel 
costs  were  inflated  at  a  10%  annually  compounded  inflation  rate.  User 
flight  cost  savings  corresponding  to  free  flight  in  the  vertical  plane 
operations  of  Configuration  20  were  estimated  by  the  United  Kingdom  (UK) 
at  the  request  of  the  Aviation  Review  Committee. 

The  1979  present  value  of  the  estimated  user  and  provider  expendi¬ 
tures  during  the  1979  through  2005  study  period  were  calculated  for  each 
configuration  based  on  a  12%  discount  rate  for  user  costs  and  a  10% 
discount  rate  for  provider  costs.  The  present  value  total  costs  for 
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11.  Configuration  10  +  Airborne  Separation  Assurance  Device  with 
50X  Avionics  Capital  Cost  Allocation,  30  ml/5  wln/2000  ft  In 

1990  through  2005  86  150  U  78  127  228  101 
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I. 


of  Increased  provider  capital  coBta. 


each  improvement  configuration  were  subtracted  from  those  of  the  base¬ 
line  configuration  to  determine  the  net  coat  savings  associated  with 
each  improvement  over  the  stu<iy  period.  The  resulting  net  total  cost 
savings  relative  to  the  baseline  configuration  are  shown  in  the  right 
hand  column  in  Table  S-l.  Table  S-l  al3o  shows  the  user  and  provider 
capital  cost  increases  and  operating  cost  decreases  (each  relative  to 
the  baseline  costs)  for  each  configuration.  The  improvement  implementa¬ 
tions  and  associated  separation  minima  reduction  transition  schedules 
are  identified  in  Table  S-l  for  each  configuration. 

5.4.2  1000  ft  Vertical  Separation  Above  FL290 

The  implementation  in  1988  of  1000  ft  vertical  separation  with 
improved  altimetry  and  MNPS  (Vertical.)  in  only  oceanic  airspace  would, 
as  shown  in  Table  S-l,  obtain  a  net  savings  of  $387  million,  and  a  net 
savings  of  $328  mill5.on  if  implemented  in  oceanic  and  domestic  airspace. 
The  capital  and  operating  costs  associated  with  aircraft  altimetry 
improvements  are  provided  for  cost  sensitivity  purposes  only  and  are  not 
related  to  any  specific  improvements.  If  the  user  capital  costs  for  the 
avionics  ($11  million  in  Table  S-l)  were  underestimated  by  a  factor  of 
two,  the  capital  cost  estimate  should  be  doubled.  This  calculation  will 
reduce  net  total  cost  savings  slightly,  but  the  savings  will  remain  very 
large,  indicating  that  the  1000  ft  vertical  separation  minimum  is  mean¬ 
ingfully  attractive  in  economic  terms.  The  same  conclusion  would  be 
drawn  if  the  net  savings  sensitivities  to  variations  in  user  operating 
costs  were  similarly  examined. 

5.4. 3  Airborne  Separation  Assurance  Device 

The  implementation  of  the  airborne  separation  assurance  device  with 
100%  avionics  capital  cost  allocation  to  NAT  operations,  MNPS  (Improved), 
and  30  nmi/5  min/ 2000  ft  separation  minima  in  1990  also  shows  a  signifi¬ 
cant  net  savings  of  $102  million.  In  this  case,  the  user  capital  cost 
net  increase  ($64  million)  and  provider  capital  cost  net  increase  ($1 
million)  is  more  than  offset  by  the  large  net  decrease  in  user  operating 
costs  ($167  million).  Even  if  the  user  capital  costs  were  underesti¬ 
mated  by  50%  (i.e.,  capital  cost  net  increases  are  actually  half  again 
greater  than  those  indicated),  significant  net  savings  ($70  million) 
still  would  be  obtained,  which  indicates  that  this  configuration  is 
economically  attractive.  The  separation  assurance  device  with  50% 
avionics  capital  cost  allocation  to  NAT  operations  would  further 
increase  the  economic  gains  because  of  the  lower  capital  costs  relative 
to  the  100%  allocation. 

Table  4-1  (in  the  main  text  of  this  report)  as  initially  estab¬ 
lished  in  the  4th  Meeting  (Williamsburg)  of  the  Aviation  Review  Commit¬ 
tee  specified  direct  pilot-to-control ler  communications  as  a  requirement 
for  reducing  the  longitudinal  separation  minimum  to  5  min.  Subse¬ 
quently,  at  the  5th  Meeting  (Malaga),  the  airborne  separation  assurance 
device  improvements  (Configurations  8  and  9)  were  associated  with  the  5 
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mil!  J/ntginHioal  separation,  but  required  only  HF  SSB  voice,  apparently 
in  oversight  of  Table  4-1.  The  contradiction  surfaced  at  the  6th 
Meeting  (Ottawa),  and  the  Committee  discussions  revealed  differences  of 
opinion  on  who the i  HF  SSB  voice  would  meet  the  communication  requirement 
I'm-  5  mm  longitudinal  separation..  Considering  the  various  points  made 
in  the  p.eceeding  sentences  and  the  unavailability  of  the  resources  that 
vv.il ri  be  required  to  re-estimate  costs  and  re-document  Configurations  8 
■md  5  with  direct  communications,  (and  noting  that  Configuration  14 
r,  L ready  is  an  approximation,  albeit  not  exact,  of  Configuration  9  with 
direct  communications) ,  the  Committee  decided  to  let  Configurations  8 
and  9  stand  as  established  with  the  following  caveat:  "The  utilization 
of  9  min  longitudinal  separation,  if  communications  are  limited  to  HF 
SSB  voice,  may  under  some  conditions  require  more  frequent  position 
reporting  (e.g.,  at  every  5  instead  of  10  degrees  in  longitude  on  pairs 
of  aircraft  separated  at  or  near  the  longitudinal  minimum).  This,  in 
turn,  means  increased  controller,  radio  operator,  and  pilot  workload, 
the  net  impact  of  which  has  not  been  fully  assessed," 

S.4,4  Other  Improvement  Technologies 

The  configurations  involving  automatic  dependent  surveillance  with 
30  ntr.L/5  min/2000  ft  separations,  cooperative  independent  surveillance 
with  15  nmi/2  min/2000  ft  separation,  and  related  technological  combina¬ 
tions  and  derivatives  all  show  a  net  total  cost  savings  in  Table  S-l. 

The  savings  are  due  to  the  decreases  in  user  and  provider  operating 
costs  which  offset  the  increases  in  the  user  and  provider  capital  costs 
for  the  improvements.  The  user  operating  costs  decreases  are  due  to 
reduced  flight  costs,  while  the  provider  operating  cost  decreases  are 
due  to  reductions  in  HF  voice  communication  facilities  costs  (which 
offset  provider  operating  costs  associated  with  the  improvements). 

The  net  savings  shown  for  the  cooperative  independent  surveillance 
with  multiple  satellite  data  link  and  voice  improvement  alternatives 
should  be  treated  with  care  based  on  the  following  considerations. 
Because  of  limited  data,  the  improvement  capital  and  operating  cost 
estimates  for  the  cooperative  independent  surveillance  with  multiple 
satellites  were  based  on  analogies  with  the  automatic  dependent  surveil¬ 
lance  with  satellite  data  link  and  voice  alternative  (i.e.,  assumed 
satellite  sharing  possibilities)  rather  than  on  an  explicit  system 
design  which  might  require  dedicated  satellites.  The  operational 
implementation  of  cooperative  independent  surveillance  and  concurrent 
reduced  separation  minima  are  assumed  to  occur  in  1995.  This  date  may 
be  optimistically  early  because  of  possible  technical  and  operational 
complexities  associated  with  cooperative  independent  surveillance.  In 
addition,  the  reduced  separation  minima  are  based  on  concurrent  employ¬ 
ment  of  ,MNPS  (Advanced)  navigation  techniques,  for  which  a  detailed  cost 
analysis  was  not  undertaken  within  the  9cope  of  thi3  study  effort. 
However,  an  independent  preliminary  analysis  conducted  by  the  Interna¬ 
tiona]  Air  Transport  Association  estimates  that  the  discounted  user 
capital  cost  for  MNPS  (Advanced)  is  of  the  order  of  $50  million 
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exclusive  of  user  opera::  •  ng  ■.  Therefore,  the  net  total  coat 

savings  indicated  in  Tabic  i-i  (and  subsequent  tables)  for  Configura¬ 
tions  19,  20  and  2i.  -.nay  be  reduced  by  &50  roil  lion.  These  savings  might 
further  be  reduced  due  to  a  potential  increase  in  user  operating  costs 
for  MNPS  (Advanced,  hut  data  has  not  been  obtained  describing  the 
magnitude  of  such  an  increase  (if  any)  relative  to  the  navigation 
systems  operating  costs  associated  with  the  alternative  configurations. 
Note  that  no  user  capital  cost  estimates  for  on-board  navigation  equip¬ 
ment  have  been  allocated  to  meet  KNPS  (Improved),  but  this  approach  may 
be  considered  reasonable  since  there  is  a  belief  that  current  generation 
systems  when  properly  assessed  could  provide  the  required  navigation 
performance. 

The  capital  and  operating  coot  estmates  made  for  these  potential 
improvements  were  based  on  a  number  of  data  sources  and  a  variety  of 
assumptions  addressing  technical  components,  each  of  which  introduce  a 
degree  of  uncertainty  into  Che  c oat  estimates.  Revisions  to  these  cost 
estimates  will  affect  net  saving3.  Therefore,  an  examination  of  the 
sensitivity  of  the  net  total  cost  savings  to  parametric  adjustments  to 
some  key  component  costs  is  appropriate  and  is  addressed  in  the  fol¬ 
lowing  paragraphs. 

S.4.5  Aircraft  Fleet  Size 

For  the  purposes  of  sensitivity  analyses,  a  20%  and  a  40%  reducton 
in  fleet  size  and. avionics  unit  purchases  are  assumed  relative  to  the 
original  estimates.  The  impact  on  net  total  cost  savings  due  to  the 
corresponding  reductions  in  user  avionics  capital  costs  is  presented  in 
Table  S-2,  which  shows  that  the  20%  reduction  in  avionics  purchases 
further  increases  net  savings  by  4%  to  26%  depending  on  the  configura¬ 
tion  examined,  and  that  the  40%  reduction  further  increases  net  savings 
by  8%  to  over  50%. 

S.4.-6  User  Avionics  Capital  Costs 

Apart  from  fleet  equippage  considerations,  the  user  avionics  pur¬ 
chase  cos ts  may  vary  from  those  originally  estimated.  Therefore,  a 
sensitivity  analysis  was  performed.  As  shown  in  Table  S-2,  a  20% 
increase  in  user  avionics  capital  costs  reduces  net  total  cost  savings 
by  4%  to  26%,  and  a  40%  cost  increase  reduces  net  savings  by  8%  to  50% 
depending  on  the  configuration  examined. 

S.4.7  Provider  Improvements  Capital  Costs 

The  estimation  of  ground  station  costs  for  the  automatic  dependent 
surveillance  with  network  HF  data  link  and  voice  configuration  involved 
many  variables  (e.g.,  land,  software,  hardware  costs).  The  uncertain¬ 
ties  in  these  costs  might  cause  a  50%  increase  in  the  provider  capital 
cost  estimate  relative  to  the  original  estimate.  Table  S-3  shows  that  a 
50%  increase  in  the  network  HF  and  simple  network  HF  data  link  and 
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NAT  RET  SAVINGS  RELATIVE  TO  BASELINE  TO*  SELECTS)  PROVIDER  CAPITAL  COSTS 
(1979  Discounted  US  $  Million*) 


Configuration 

Original 

Estlnate 

Provider  Capital 
Coil  increase* 

10. 

Au toastie  Dependant  Surveillance  With  Network  HP  Data  Link 
and  Voice,  HNFS  (Improved),  30  onl/S  aln/2000  ft  la  1990 
through  2003 

ISO 

143  (-3Z)t 

11. 

Configuration  10  *  Airborne  Separation  Assurance  Davie*  with 

30Z  Avionics  Capital  Cost  Allocation,  30  isai/3  aln/2000  ft  in 

1990  through  2003 

101 

96  (-3X)t 

12. 

Slapla  Network  HP  Data  Link  and  Voice  Without  Separation  Mlnlaa 
Reduction,  KNPS,  60  mil/ 10  aln/2000  ft  In  19B7  through  2003 

18 

16  (-nx)+ 

13. 

Slapls  Network  HP  Data  Link  and  Volca  With  Sapaiatlon  Minina 
Reduction,  MNPS  (laproved),  30  nml/3  aln/2000  ft  In  1993 
through  2003 

134 

131  (-2X)1, 

1A. 

Configuration  13  +  Airborne  Separation  Assurance  Device  with  30Z 
Avionics  Capital  Cost  Allocation,  30  oai/S  aln/2000  ft  la  1993 
through  2003 

104 

102(-2X)+ 

13. 

Autoswtlc  Dependent  Surveillance  With  Satellite  Data  Link  and 

Voice,  MNPS  (laproved) ,  30  tai/3  aln/2000  ft  In  1990  through  2003 

145 

980-32X3* 

16. 

Configuration  13  +  Airborne  Separation  Assurance  Device  with 

30Z  Avionics  Capital  Coat  Allocation,  30  nal/5  aln/2000  ft  in 

1990  through  2003 

96 

49(-49X)< 

17. 

Automatic  Dependent  Surveillance  With  Satellite  Data  Link  Only, 

MNPS  (Iaprovad),  30  nml/3  aln/2000  ft  In  1990  through  2003 

179 

llSO-MZ)1 

18. 

Configuration  17  A  Airborne  Separation  'Assurance  Device 
with  50Z  Avionics  Capital  Coat  Allocation,  30  nml/3  min/2000  ft 
in  1990  through  2003 

130 

69(-47X)l 

19. 

Cooperative  Independent  Surveillance  With  Multiple  Satellite  Data 

Link  and  Voice,  MNPS  (Advanced),  13  onl/2  aln/2000  ft  In  1993 
through  2003 

187 

65(-63X)» 

20. 

Configuration  19  +  Clearance  Control  Procedures  Permitting 
Exploitation  of  Pres  Flight  In  the  Vertical  Plane, 

13  nal/2  aln/2000  ft  In  1993  through  2005 

233 

13K-49X71* 

21. 

Configuration  19  +  60-30  Composite,  BP  SSB  Volca,  MBPS, 

60-30  nml/10  aln/2000  ft  In  1983  through  1994  and  13  nal/2 
aln/2000  ft  In  1995  through  2003 

214 

92(-S7X)*» 

* 

Valu*  In  paranthaaaa  la  tha  par cant  changa  la  nat  total  cost  saving  ralatlva  to  tha  original  estimate 
and  la  mibjact  to  roundoff  affact*. 

50X  lncreaaa  la  nat work  HP  tod  simple  natovrk  HP  ground  station  capital  coat,  excluding  feasibility 
study  and  snglnaarlng  design  coats. 

I30Z  of  dadlcatad  aeronautical  apace  eagmant  provider  capital  cost. 

II100X  of  dedicated  aaronautlcal  space  sagnant  provider  capital  coat. 
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Conf?  gurwti»m»:  10  through  14  cause  a  1%  to  11%  decrease  in 
net  r-*.5L  coat  s--.vj.nj4t> .  This  vr.o.lea*:  impe.-V  i«  due  to  the  small  propor- 

rt  total  outlays  accounted  for  by  the  provider  ground  station 
which  are  parr. r  not  all,  of  Che  provider  capital  costs  for  this 

i /t;j  arion  (other  provider  capital  coats  are  required  for  controller 
•1  i splays  and  automation). 

The  satei  lire  aegwent  cost  •stiinatea  were  based  on  an  assumed 
idea  linnet  sharing  of  satellite  and  launch  coats  with  other  users.  This 
assumed  that  the  aeronautical  system  providers  would  fund  the  develop¬ 
ment  of  a  transponder ,  would  find  a  aativllite  with  just  the  available 
capability  to  include  this  transponder,  and  would  consequently  fund  the 
integration  and  launch  of  this  transponder  onboard  the  satellite.  This 
assumption  resulted  in  the  allocation  of  7.5%  of  the  full  capital  costs 
associated  with  the  smallest  practical  satellite  to  the  aeronautical 
systems  under  consideration.  However,  since  an  ideal  sharing  arrange¬ 
ment  may  not  he  possible  ( 1 .  e . ,  a  larger  portion  than  needed  of  a 
satellite  nay  only  be  available),  the  space  segment  for  the  automated 
dependent  surveillance  with  data  link  and  voice  or  the  data-only  systems 
could  cost  the  aeronautical  service  providers  more  than  is  assumed  by 
the  above  idealized  sharing  arrangement ■>  Satellite  location  and  service 
requirements  associated  with  multiple  satellite  cooperative  independent 
surveil Lance  may  well  dictate  5  space  segment  implementation  totally 
dedicated  tc  aeronautical  service-  These  considerations  led  to  the 
sensitivity  analysis  shown  in  Table  S-3  where:  (1)  Configurations  15 
through  18  assume  50%  of  the  capital  coats  of  a  dedicated  satellite 
operation;  and  (?.)  Configurations  19,  20  and  21  assume  100%  of  a  dedica¬ 
ted  aeronautical  satellite  operation.  Table  S-3  shows  that  the  50%  cost 
sharing  arrangement  causes  a  32%  to  49%  decrease  in  net  savings  for 
Conf iguracion  15  through  18,  and  the  100%  dedicated  satellite  cost 
arrangement  causes  a  57%  to  65%  decrease  in  net  savings  for  Configura¬ 
tions  19,  20  and  21,  These  net  savings  cost  impacts  are  proportional  to 
the  portion  of  the  total  outlays  accounted  for  by  the  satellite  segment 
cost,  which  are  part,  not  ail,  of  the  provider  capital  costs  for  these 
configurations  (other  provider  capital  costs  are  required  for  controller 
displays  and  automation). 

S.4.8  ATS  Facility  Operating  Costs 

The  operating  and  maintenance  cost  estimates  for  automatic  depen¬ 
dent  and  cooperative  independent  surveillance  functions  were  based  on 
the  assumption  that  these,  costs  would  be  the  same  a.s  the  baseline 
configuration  operations  and  maintenance  costs.  Since  there  is  no 
precedence  for  an  advanced  air.  traffic  control  operation  of  the  type 
envisaged  for  improved  oceanic  communications  and  no  design  specifica¬ 
tions,  the  preliminary  ATS  facility  operations  arid  maintenance  cost 
estimates  were  based  on  rough  assumpi. >  oris  regarding  controller  opera¬ 
tions.  These  estimates  assumed  that  staffing,  sector iration ,  and  equip- 
page  growth  would  be  comparable  to  those  of  the  baseline  configuration. 
Apart  from  this  growth  assumption,  the  estimated  costs  for  developing 


S  -19 


and  implementing  advanced  ATC  data  handling,  controller  displays  and 
associated  advanced  ATC  automation  were  included.  While  it  is  not 
anticipated  that  the  ATS  unit  operating  costs  will  increase,  a  20% 
increase  in  these  costs  is  examined  in  the  interest  of  sensitivity 
analysis.  As  shown  in  Table  S-A ,  a  20%  coat  increase  in  the  ATS 
facility  component  of  the  provider  operating  costs  causes  net  total  cost 
savings  reductions  of  from  26%  to  92%  for  most  configurations,  and  more 
for  the  simple  network  HE*  data  link  and  voice  without  separation  minima 
reduction. 

These  large  impacts  on  net  savings  are  due  to  the  significant 
proportion  of  total  outlays  accounted  for  by  provider  ATS  operations 
costs.  These  operating  costs  are  sizable  and  occur  each  year  during  the 
study  period  rather  than  occassionally  as  is  typically  the  case  with 
capital  investments.  The  significant  proportional  reductions  in  net 
savings  shown  in  Table  S-4  for  this  20%  cost  increase  case  indicates 
that  the  provider  ATS  operating  costs  exercise  considerable  leverage  in 
the  economic  analysis  results. 

S.4.9  Sensitivity  Analysis  of  Fuel  Coots 

The  user  fuel  costa  are  baaed  on  fuel  prices  reported  for  each 
airport  in  1979  and  on  a  10%  annually  compounded  inflation  rate.  There 
is  no  basis  to  assume  that  Che  1979  prices  are  ih  error,  but  the  infla¬ 
tion  rate  may  vary.  A  higher  than  10%  rate  would  increase  the  future 
fuel  costs  calculated  for  all  configurations  and  would  increase  the  net 
total  cost  savings  associated  with  each  improvement  configuration  rela¬ 
tive  to  the  baseline  configuration.  The  net  savings  increase  would 
improve  the  economic  attractiveness  of  the  alternative  configurations 
relative  to  their  original  cost  estimates,  but  the  significance  of  the 
increased  attractiveness  would  depend  on  the  magnitude  of  fuel  cost 
increase.  Alternatively  a  lower  chan  10%  rate  would  decrease  the 
economic  attractiveness  of  the  alternative  configurations.  Therefore, 
the  net  savings  resulting  from  8%  and  12%  inflation  rates  are  calculated 
as  presented  in  Tables  S-5  for  the  various  configurations.  Table  S-5 
shows  that  the  2%  decrease  in  the  fuel  inflation  rate  to  8%  causes  net 
savings  reductions  of  as  much  as  50%  for  the  various  configurations,  but 
that  the  net  savings  remain  positive  for  each  configuration.  The  2% 
increase  in  the  fuel  inflation  race  to  12%  furthers  net  savings  to  as 
much  as  70%  for  the  various  configurations,  indicating  that  fuel  costs 
exercise  significant  influence  on  the  economic  analysis  results.  Note 
that  Configuration  20  is  not  included  in  Table  S-5  because  the  cost 
savings  data  estimated  by  the  UK  for  the  free  vertical  flight  operation 
were  not  provided  on  a  year  by  year  basis,  and ,  therefore,  were  not 
adaptable  to  the  sensitivity  analysis  procedure  used. 
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S.5  CEP  Configurations  and  Coat  Comparisons 

The  ATS  system  operating  characteria tics  in  the  CEP  are  similar  to 
those  of  the  NAT,  and  include  the  use  of  HF  SSB  voice  air-ground  com¬ 
munications  with  a  radio  operator  relay,  long-range  navigation  techni¬ 
ques,  and  control  procedures  based  on  pilot  voice  position  reports. 
Therefore,  the  CEP  is  ananenable  to  the  same  types  of  potential  improve¬ 
ments  identified  for  the  NAT.  The  improvements  addressed  include:  1000 
ft  vertical  separation  above  FL  290  in  oceanic  only  airspace,  and  in 
oceanic  and  domestic  airspace,  with  and  without  improved  altimetry; 
separation  assurance  device  with  100%  and  50%  avionics  capital  cost 
allocation;  automatic  dependent  surveillance  with  network  HF  data  link, 
and  voice;  and  automatic  dependent  surveillance  with  satellite  data  link 
and  voice.  These  improvements  are  not  a  complete  listing  of  all  poten¬ 
tial  CEP  implementations,  but  were  selected  for  the  purpose  of  providing 
general  guidance  concerning  the  economic  impacts  of  the  basic  systems 
subject  to  the  limitations  of  study  resources. 

The  CEP  potential  improvements  were  assumed  to  be  implemented  in 
coordination  with  corresponding  NAT  implementations,  although  the 
various  improvements  could  be  developed  and  established  independently  of 
NAT  applications.  Improvement  development  costs  were  allocated  to  NAT 
operations,  and  CEP  improvement  co3t  estimates  consisted  of  establish¬ 
ment  and  operating  expenses.  These  estimates  were  based  on  engineering 
analysis  and  analogy  with  the  corresponding  NAT  improvements.  The  FCM 
was  used  to  estimate  user  flight  cost3. 

Potential  improvement  configurations  were  identified  based  on  the 
implementation  schedules  defined  for  the  HAT.  A  baseline  configuration 
waa  used  to  represent  continuation  of  the  present  system  technology.  A 
comparison  of  the  user  and  provider  capital  and  operating  present  value 
costs,  relative  to  baseline  system  operation,  and  for  each  configuration 
during  the  1979  through  2005  study  period,  yielded  the  net  total  cost 
savings  and  component  cost  increments  presented  in  Table  S-6.  The  total 
cost  savings  shown  in  this  table  are  less  than  those  estimated  for  the 
NAT  improvements  because  of  lower  traffic  activity  and  smaller  scale 
improvements  in  the  CEP.  However,  the  net  savings  for  each  improvement 
configuration  are  significant  and  are  subject  to  the  discussions 
presented  in  preceding  paragraphs  for  the  NAT  improvements. 

S.6  CAR  Configurations  and  Cost  Comparisons 

The  CAR  represents  a  different  ATS  operating  environment  from  the 
NAT  and  CEP.  The  existance  of  island  and  continental  coastal  land  sites 
enable  coverage  in  parts  of  the  CAR  by  1 ine-of-s ight  very  high  frequency 
(VHF)  air-ground  communications,  radar,  and  ground-based  radionavigation 
aids.  However,  other  parts  of  this  airspace,  including  gaps  between  the 
line-of-sight  coverage  as  well  as  oceanic  areas  to  the  east,  are  covered 
by  HF  SSB  voice  air-ground  communication  services.  Some  of  these  gaps 
may  be  difficult  to  cover  by  an  expansion  of  the  line-of-sight  facili¬ 
ties  (i.e.,  through  new  ground  equipment  installations)  because  of 
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Tabic  3-6 
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1.0  INTRODUCTION 


This  report  presents  the  results  of  the  OASIS  project  conducted  by 
SRI  International  for  the  United  States  (US)  Federal  Aviation  Administra¬ 
tion  (FAA),  and  describes:  (1)  the  technology  and  operational  issues 
relevant  to  potential  system  improvements  to  air  traffic  services  (ATS) 
in  oceanic  and  selected  low  traffic  density  areas  of  the  world;  (2)  the 
candidate  improvements  that  may  be  implemented  because  of  worldwide 
needs;  (3)  the  estimated  costs  of  these  candiates;  (•+)  the  expected  costs 
and  benefits  derived  from  their  implementation  and  operation;  and  (5)  the 
economic,  technical,  and  operational  feasibility  of  implementing  various 
system  improvements  in  representative  study  areas  of  the  world  for  which 
descriptive  data  are  available.  These  areas  include  the  North  Atlantic 
(NAT),  Central  East  Pacific  (CEP),  and  Caribbean  (CAR)  regions.  Study 
results  are  reviewed  in  the  Executive  Summary. 

The  study  and  this  report  are  coordinated  with  and  support  the 
activities  of  the  Committee  to  Review  the  Application  of  Satellite  and 
Other  Techniques  to  Civil  Aviation  (also  called  the  Aviation  Review 
Committee  or  the  ARC). 


:  (44) 


PRESENT  SYSTEM  OPERATIONS  AND  TECHNOLOGY 


7 .  0 


.1 . 1.  T.rit  reduction 


Different  ATS  system  technologies  and  operational  procedures  cur¬ 
rently  are  applied  in  the  various  world  areas-  The  reasons  for  the 
technological  differences  between  airspace,  areas  range  from  physical 
constraints  that  have  precluded  system  installation  to  economic  con¬ 
siderations  that  have  restrained  system  implementation,,  To  provide  a 
perspective  on  the  issues  relevant  to  potential,  system  improvements,  the 
remainder  of  this  section  addresses  several  pertinent  technical  and 
operational  aspects  of  oceanic  anti  various  low  traffic  density  areas. 
Additional  descriptive  material  have  been  presented  in  companion  reports 
(ref  1-5), 

Note:  The  descriptions  in  chin  section  of  the  report  relate  to  the 
system  operations  pertaining  to  1979.  These  descriptions  do  not  take 
into  account  system  improvements  which  have  been  implemented  since  and 
planned  in  the  short  and  medium  term  which  have  and  will  alleviate  some 
of  the  problems  referred  to  in  this  section.  Examples  of  such  improve¬ 
ments  in  the  NAT  are; 

(1)  Implementation  of  flexible  tracks  between  Northern 
Europe  and  the  CAR. 

(2)  Implementation  of  amended  position  reporting  procedures, 
to  alleviate  air  traffic  control  (ATC)  system  loop  errors. 

(3)  Implementation  of  procedures  for  preplanning  clearances  of 
seep  climb. 

(4)  Very  significant  but  unquant if iable  improvements  resulting 
from  phased  implementation  of  automatic  data  handling  and 
display  throughout  the  region  by  1990. 

2.2  Oceanic  Areas 

2.2.1  Technical  Systems 

The  communication  (COM),  navigation  (NAV)  and  surveillance  systems 
used  in  the  oceanic  ATS  environments  of  the  world,  as  exemplified  by  the 
NAT  and  CEP,  are  somewhat  different  than  those  used  in  many  domestic 
areas.  This  difference  is  due  in  part  to  limitations  on  the  service 
range  of  the  domestic  systems  and  the  lack  of  suitable  facility  land 
site  location;,  in  tne  oceanic  areas.  For  example,  domestic  air-ground 
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voice  communications  between  pilots  and  ATS  units  are  normally  conducted 
by  means  of  very-high  frequency  (VHF)  short-range  systems;  short-range 
ultra-high  frequency  (UHF)  is  used  by  some  military  operations.  These 
systems,  although  quite  adequate  for  domestic  ATS  purposes,  cannot 
satisfy  the  long-range  transmission  requirements  of  an  oceanic  opera¬ 
tion.  Instead,  a  high  frequency  (HF)  radiotelephony  system  is  used  in 
which  COM  stations,  rather  than  ATS  units  (which  typically  are  not  HF 
equipped),  conduct  long-range  communications  with  over-ocean  aircraft. 

Ground-ground  communications  (i.e.,  point-to-point)  between  ATS 
units  generally  are  conducted  by  voice  through  ATS  direct  speech  cir¬ 
cuits  and  by  teletype  through  aeronautical  fixed  telecommunications 
network  (AFTN)  circuits.  The  ATS  direct  speech  and  AFTN  systems  in  the 
oceanic  areas  are  integrated  with  those  in  use  in  other  areas  and  are 
part  of  multiregional  interfacility  communication  networks.  In  some 
cases,  ATS  units  are  connected  by  computerized  data  links. 

Aircraft  navigation  in  domestic  airspace  normally  uses  such  short- 
range  ground-based  systems  as  the  VHF  omnidirectional  range  (VOR)  with 
distance  measuring  equipment  (VOR/DME)  radionavigation  aids  or  the  non— 
directional  beacon  ( NI>B )  aids  with  automatic  direction  finding  (NDB/ADF) 
equipment.  Neither  the  VOR/DME  nor  the  NDB/ADF  systems  can  meet  the 
long-range  navigation  requirevaents  of  the  transoceanic  flights.  Long- 
range  navigation  commonly  is  accomplished  by  such  means  as  inertial 
navigation  systems  (INS),  Omega,  and  doppler  radar. 

The  secondary  surveillance  radar  (SSR)  and  primary  radar  systems 
used  in  domestic  areas  are  not  capable  of  long-range  surveillance.  No 
equivalent  technology  is  currently  employed  for  oceanic  surveillance 
purposes.  Flight  monitoring  is  based  on  pilot  voice  radio  reports  of 
aircraft  positions  derived  from  on-board  navigation  systems. 

2.2.2  Operational  Issues 

The  existence  of  technological  differences  between  the  oceanic  and 
domestic  airspace  operations  does  not  mean  that  safety  is  compromised  in 
the  oceanic  areas.  In  fac  the  safety  record  is  superb.  The  oceanic 
operational  procedures,  interfacility  coordination  processes,  and  separa¬ 
tion  rules  are  based  on  existing  navigation,  communication  and  surveil¬ 
lance  capabilities,  and  are  designed  to  provide  aircraft  with  separation 
assurance  and  emergency  services.  However,  the  more  limited  capabili¬ 
ties  of  oceanic  area  systems  require  the  application  of  operational  rules 
and  procedures  that  are  generally  more  restrictive  in  terms  of  flight 
operational  flexibility  than  those  of  the  domestic  areas.  The  relatively 
restrictive  nature  of  oceanic  operations  incieases  the  operating  costs 
experienced  by  the  users  of  these  systems.  Hence,  greate *  efficiency  of 
operations  while  maintaining  or  enhancing  safety  are  the  p  ary  objec¬ 
tives  of  potential  improvements  in  those  oceanic  areas  typi*.  d  by  the 


NAT  and  CEP.  The  following  paragraphs  briefly  review  various  salient 
interrelated  operational  issues  relevj'.nt  to  oceanic  system  efficiency. 

These  issues  address: 

(1)  Separation  minima 

(2)  Flight  planning 

(3)  Route  structures 

(4)  Vertical  flight  profiles 

(5)  Organized  track  systems  placement  accuracy 

(6)  Oceanic  entry  congestion 

(7)  Oceanic  track  crossings  and  mergings 

(8)  Clearance  decision  making 

(9)  Step  climb  requests 

(10)  Aircraft  speed  differences 

(11)  Air-ground  communications  delay 

(12)  Provider  operations  and  maintenance  costs 

Separation  Minima — Separation  minima  are  based  on  the  spacings 
considered  to  be  safely  achievable  with  specific  communication,  naviga¬ 
tion,  and  surveillance  technologies.  Lateral  and  longitudinal  separation 
minima  are  strongly  dependent  on:  the  ability  of  aircraft  to  maintain 
assigned  course;  the  ability  of  ATS  systems  to  detect  aircraft  deviations 
from  assigned  position,  heading  and  speed;  and  the  ability  of  the  ATS 
system  to  intervene  and  (1)  correct  deviations  from  ther  assigned  course, 
or  (2)  adjust  progress  along  that  course.  The  differences  between  domes¬ 
tic  and  oceanic  navigation,  surveillance,  and  communications  systems 
cause  differences  in  the  capabilities  of  these  ATS  systems  to  recognize 
and  resolve  potential  violations  of  separation  minima  (i.e.,  potential 
conflicts).  As  a  result,  the  longitudinal  and  lateral  separation  minima 
applied  in  the  NAT,  CEP,  and  analogous  oceanic  areas  are  significantly 
larger  than  those  applied  in  domestic  areas  which  are  provided  with 
VOR/DME  or  other  radionavigation  aids,  VHF  communications  directly  be¬ 
tween  pilot  and  controller,  and  primary  and  secondary  r.adar  coverage. 

For  example  the  longitudinal  separation  minimum  in  an  en  route  radar 
environment  can  be  as  small  as  5  nautical  miles  (nmi)  while  the  cor¬ 
responding  oceanic  separation  minimum  can  be  as  large  as  120  nmi  or 
more.  Domestic  VOR  route  spacing  may  be  8  nmi,  in  the  United  States 
(US),  versus  60,  100  nmi  or  120  nmi  in  oceanic  airspace.  Vertical 
separation  minimum  above  FL  290,  however,  is  2000  ft  in  both  oceanic  and 
domestic  areas  because  identical  technology  is  used  to  maintain  altitude. 

Separation  minima  in  the  NAT  are  affectd  by  the  Minimum  Navigation 
Performance  Specification  (MNPS),  which  requires  the  system  to  satisfy  a 
stipulated  navigation  performance  standard.  The  navigation  accuracy 
associated  with  MNPS  has  led  to  the  implementation  of  planned  reductions 
in  the  lateral  separation  minimum  to  60  nmi  in  October  1980. 

Flight  Planning — The  flight  track  and  vertical  profile  requested  by 
an  aircraft  operator  represents  the  economically  preferred  flight  plan 
based  on  the  operator's  analysis  of  meteorological  forecasts,  aircraft 
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fuel  burn  and  flight  performance  characteristics ,  route  structure  re¬ 
quirements,  aircraft  estimated  weight  and  reserve  fuel  requirements. 
Deviations  from  the  ideal  ti.e. ,  truly  optimum)  flight  plan  implies 
additional  direct  operating  costa,  largely  fuel  costs  but  also  crew  and 
maintenance  costs.  The  planned  flight  costs  may  be  greater  than  ideal 
because  of  erroneous  flight  planning  analysis  data  of  which  the  meteoro¬ 
logical  forecast  data  is  most  subject  to  inaccuracy.  Differences  between 
ideal  costs  and  pLanneb  flight  costs  are  also  due  to  route  structures  artd 
flight  level  constraints  that  require  aircraft  to  follow  forrrtal  airways 
and  vertical  profiles  that  do  not  necessarily  coincide  with  the  theoreti¬ 
cally  optimum  flight  pach  between  origin  and  destination. 

Route  Structures — The  majority  of  the  traffic  flow  in  both  the  NAT 
and  CEP  fly  structured  sets  of  rougnly  parallel  tracks,  while  numerous 
minor  traffic  flows  in  the  NAT  and  CEP  follow  random  tracks  as  well  as 
NDB-based  ATS  routes  in  part  of  the  NAT.  In  the  NAT,  the  organized 
track  system  (OTS)  betvreen  Europe  and  North  America  is  set  twice  a  day 
based  on  meteorological  forecasts,  once  for  the  predominantly  eastbound 
flow  and  once  for  the  westbound  flow-  In  the  CEP,  the  organized  route 
system  (ORS)  is  fixed  and  serves  the  traffic  flow  between  Hawaii  and 
California.  The  OTS  and  ORS  enable  controllers  to  effectively  manage 
and  regulate  the  major  traffic  flows  with  the  available  equipment  and 
facilities.  However,  because  the  track  and  flight  level  spacings  conform 
to  the  large  oceanic  separation  minima,  the  traffic  service  rate  in  the 
OTS  and  ORS  airspace  is  modest  in  terms  of  aircraft  handled  per  unit  of 
airspace  and  unit  of  time. 

Vertical  Flight  Profiles — A  cruise  climb  flight  regime,  which  allows 
a  turbojet  aircraft  to  continuously  increase  altitude,  is  a  more  fuel- 
efficient  method  of  flying  the  aircraft  than  is  the  step  climb  regime, 
which  requires  flying  a  series  of  constant  flight  levels  (FLs).  However, 
controllers  find  it  extremely  difficult  to  track,  project,  and  analyze 
multiple  cruise  climb  trajectories  ir»  three  dimensions,  and  subsonic 
cruise  climb  operations  are  not  permitted  in  oceanic  or  domestic  air¬ 
space.  Instead,  flight  levels  are  assigned  at  2000-foot  (ft)  intervals 
in  high  altitude  en  route  airspace  (above  FL  290),  and  aircraft  are 
cleared  to  step  climb  between  flight  levels.  Standard  hemispheric  ver¬ 
tical  separation  rules  assign  the  same  direction  to  flight  levels  spaced 
4000  ft  apart  although  OTS  and  ORS  tracks  use  one-way  tracks  with  2000 
ft  between  same  direction  traffic.  Despite  the  ability  to  climb  at 
2000-ft  increments,  the  step  climb  procedure  is  an  approximation  to  the 
optimum  cruise  climb  procedure  and  any  means  to  more  closely  replicate 
cruise  climb  profiles  will  reduce  fuel  costs. 

OTS  and  ORS  Placement  Accuracy— In  the  NAT,  the  OTS  is  set  according 
to  minimum  time  track  (MTT)  objectives,  (i.e„,  considerations  based  on 
meteorological  forecasts)  which  may  not  coincide  with  the  weather  con¬ 
ditions  at  the  time  of  flight.  Also,  OTS  placement  cannot  satisfy  the 
optimum  flight  paths  between  every  origin  and  destination  pair,  nor  does 
it  necessarily  conform  to  each  airline's  minimum  fuel  track  preferences 


(although  airi inea  do  provide  their  preliminary  estimates  of  track  pre¬ 
ferences  to  ATS  unite  as  ;op:. rs#  to  guide  in  designing  the  OTS ) .  In 
effect,  the  OTS  placement  ton  S  have  inherent  deviations  from  the  optimum 
flight  paths-. 

The  ORS  in  the  CEP  ia  .fixed,  regardless  of  meteorological  conditions, 
and  flight  planning  for  the  ORS  a ire pace  ie  concerned  with  selecting  an 
optimum  ORS  track  and  flight  level.  Wind  conditions  in  this  airspace 
normally  are  benign  end  foe  fixed  tracks  are  quite  suitable  for  efficient 
flight  operations,  however,  during  trie  winter  storm  season,  some  air¬ 
lines  develop  random  track  routings  that  lie  north  or  south  of  the  ORS 
tracks  or  use  only  pa it  of  an  ORS  track;  these  routings  indicate  these 
airline's  belief  that  the  ORS  placement  i3  not  aLways  optimum. 

Oceanic  Entry  Con.gastion—Rlthough  a  range  of  subsonic  turbojet 
aircraft  types  fly  in  one  major  traffic  flow  served  by  the  OTS  and  ORS, 
the  flight  performance  character. is  ties  cf  each  type  are  sufficiently 
similar  to  cause  competition  for  airspace.  The  competition  occurs  even 
though  different  origin  an.  destination  patterns  tend  to  spread  the 
track  preferences,  different  aircraft  types?  and  weights  tend  to  spread 
the  flight  level  preferences,  and  different  flight  conditions  and 
analysis  procedures  useu  by  the  various  flight  planning  offices  tend  to 
spread  both  the  track  and  flight  level  preferences.  These  factors  are 
not  sufficient  to  significantly  disperse  the  concentration  of  traffic  on 
the  OTS  and  ORS  because  the  volume  of  traffic  and  the  overriding  influ¬ 
ence  of  preferred  winds  tend  to  maintain  an  aggregate  coincidence  of 
track  preferences. 

The  "packing"  of  preferred  flight  paths  at  OTS  and  ORS  entry  causes 
potential  conflicts  between  aircraft  requesting  identical  tracks  and 
flight  levels  at  nearly  the  same  time.  ATS  personnel  satisfy  separation 
minima  by  issuing  diversion  or  delay  clearances  as  necessary,  although 
generally  at  some  cost  to  those  aircraft  that,  are  diverted  or  delayed 
from  their  preference.  Similar  diversions  and  delays  are  experienced  at 
the  entry  to  oceanic  ATS  routes  and.  random  tracks,  but  not  to  the  degree 
experienced  on  the  busier  OTS  and  ORS  track  entries. 

Oceanic  Track  Crossings  and  Mergings- -Random  track  and  ATS  route 
traffic  is  subject  to  various  types  of  potential  conflicts  including; 
those  involving  random  traffic  attempting  to  join,  cross,  or  leave  the 
OTS  or  ORS;  conflicts  between  aircraft  on  random  tracks  or  on  ATS  routes; 
and  conflicts  involving  random  tracks  crossing  the  ATS  routes.  In  the 
OTS,  the  random  track  joinings  and  crossings  are  a  problem  because  the 
intensity  of  traffic  on  tne  OTS  often  causes  a  random  track  aircraft  to 
be  diverted  to  tracks  parallel,  but  outside  the  OTS  or  to  tracks  below  or 
above  the  OTS.  Such  diversions  occur  with  sufficient  frequency  to  cause 
aircraft  operators  to  routinely  file  flight  plans  for  paths  under  the 
OTS  even  though  such  flight:  levels'  are  not  optimum.  For  example,  flights 
between  Northern  Europe,  and  the  Caribbean  often  file  flight  plans  re¬ 
questing  FL290  for  the  trans-Ar.lancic  flight  .segment  crossing  the  OTS; 
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FL290  normally  is  a  aubopcimal  flight  level  in  terms  of  turbojet  fuel 
burn  efficiency.  Flights  between  the  Iberian  Peninsula  and  Canada  also 
have  difficulties  joining  and  crossing  the  OTS  tracks,  but  such  diffi¬ 
culties  are  alleviated  somewhat  when  tributary  tracks  are  designated 
that  join  the  Iberian  Peninsula  with  a  southerly  OTS  track  at  midocean. 
Flights  to  and  from  Scandinavia  have  similar  problems  when  flight  con¬ 
ditions  are  such  that  their  preferred  cracks  call  for  joining  or  crossing 
the  northerly  OTS  tracks  at  midocean,  rather  than  entering  the  OTS  at 
track  endpoints  or  flying  on  random  tracks  north  of  the  OTS. 

In  the  CEP,  random  track  traffic  from  the  Pacific  Northwest  con¬ 
verges  near  Hawaii  and  causes  congestion  at  this  point.  Also,  the 
Pacific  Northwest  traffic  is  crossed  by  random  track  flights  between 
North  America  and  the  Far  East,  which  causes  potential  conflicts  at 
midocean  points  that  must  be  resolved  by  diversion  or  delay. 

Clearance  Decision  Making — Oceanic  controllers  monitor  flight 
progress  by  means  of  pilot  position  reports  relayed  through  COM  station 
radio  operators  and  flight  strip  postings.  The  pilot  position  reports 
are  given  roughly  once  per  hour  and  are  not  suitable  for  tactical  con¬ 
trol  (i.e.,  minute-by-minute  surveillance  and  intervention  as  is  con¬ 
ducted  in  a  radar  environment).  Instead,  strategic  clearances  are  issued 
that  ensure  conflict-free  flight  paths  through  all  or  parts  of  the 
oceanic  airspace.  Clearances  issued  to  OTS  and  ORS  aircraft  are  facili¬ 
tated  by  the  lateral  and  vertical  separations  inherent  in  the  track 
structure,  which  enable  ATS  units  to  determine  route  approval  or  diver¬ 
sion  or  delay  clearances  baaed  on  the  assessment  of  longitudinal  minima. 

Given  the  current  separation  minima,  the  present  data  processing 
capabilities  and  strategic  control  procedures  are  adequate  for  providing 
effective  oceanic  entry  clearances  to  the  OTS  and  ORS  parallel  traffic 
flows.  However,  in  regard  to  the  multidirectional  traffic  on  random 
tracks,  some  question  exists  as  to  the  capability  of  controllers  not 
equipped  with  conflict  prediction  automation  to  precisely  identify 
potential  conflict  intersections  and  select  optimum  resolution  strate¬ 
gies.  The  flight  strip  fix  postings  normally  do  not  coincide  with 
potential  conflict  points,  and  controllers  may  be  somewhat  uncertain 
about  the  exact  location  and  time  of  random  track  intersections.  Fur¬ 
thermore,  the  flight  strip  inf ormation  display  is  not  readily  amenable 
to  the  precise  assessment  of  lateral  separations  between  aircraft  in  the 
same  vicinity.  As  a  result,  controllers  may  tend  either  to  apply  need¬ 
less  vertical  diversions  or  to  choose  vertical  diversions  rather  than 
the  potentially  more  fuel-efficient  lateral  diversions,  and,  because  of 
the  lack  of  tactical  information,  may  tend  to  maintain  the  diversions 
over  long  stretches  of  airspace. 

Step  Climb  Requests — The  profile  of  the  optimum  flight  path  of  an 
aircraft  depends  on  its  weight,  the  distance  it  has  to  travel,  and  the 
weather  conditions  en  route.  If  an  aircraft  is  very  heavy,  it  cannot 
reach  its  final  cruising  altitude  immediately  after  takeoff,  but  must 
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gradually  increase:  its  altitude  ;.o  discrete  step  climbs  in  current  domes¬ 
tic  and  oceanic  ATS  syaterta  flight  a  in.  the  NAT  and  CEP  oceanic 

airspace,  aircraft  weigh to  er>-»  slight  distances  are  usually  such  that 
step  climb  requests  are  issued  in.  the  oceanic  airspace. 

A  request  for  a  c.t«p  •.*  1  rmb  wou’d  be  approved  only  if  there  were  no 
violations  of  separation  minim*;,  Under  conditions  of  light  traffic, 
such  as  those  on  random  tracks,  the  3tep  climb  is  more  likely  to  be 
approved  than  under  heavier  traffic  flows  such  as  those  on  the  OTS  or 
ORS  during  peak  traffic  periods. 

Aircraft  Speed  Oif fereuces— -Cruise  speed  differences  between  suc¬ 
cessive  aircraft  at  the  same  flight  level  on  the  same  track  are  accounted 
for  at  entry  to  the  track  when  oceanic  clearance  is  issued.  In  the  case 
of  an  aircraft  followed  by  a  faster  one,  the  entry  spacing  between  air¬ 
craft  is  increased  to  prevent  subsequent  overtaking  and  violations  of  the 
longitudinal  separation  minimum  at  downstream  points  along  the  track. 

Such  increased  spacing  restricts  airspace  utilization,  thereby  furthering 
diversions  or  delays  and  associated  flight  costs  experienced  by  users. 

The  impact  is  most  severe  when  numerous  and  significant  speed  differen¬ 
tials  occur,  and  frequently  thin  is  experienced  on  the  OTS  and  ORS  where 
closely  spaced  aircraft  trailing  each  other  is  common.  The  situation  is 
less  common  on  the  ATS  routes  because  of  lower  traffic  density  and  occurs 
infrequently  on  random  tracks  because  such  tracks  rarely  coincide. 

Air-Ground  Communications  Delay — The  process  of  relaying  messages 
through  the  radio  operator  obviously  requires  more  time  than  would  be 
needed  for  direct  air-ground  communications  between  pilot  and  con¬ 
troller.  Controllers  have  reported  that  the  typical  elapsed  time 
between  the  instant  of  a  pilot's  clearance  request  by  air-ground  radio 
and  the  instant  a  pilot  acknowledges  receipt  of  the  step  climb  clearance 
(both  indicated  on  the  hard  copy  teletype  message)  is  of  the  order  of  5 
to  10  rain.  The  relay  time  would  delay  the.  time  at  which  an  aircraft 
would  receive  a  clearance  and  therefore  could  cause  additional  fuel 
costs  in  the  case  of  an  altitude  climb  request  to  a  more  fuel-efficient 
flight  level.  This  situation  is  alleviated  by  pilots  requesting  step 
climbs  sufficiently  in  advance  so  as  not  to  create  problems  due  to  com¬ 
munication  delay,  provided  controllers  have  the  ability  to  know  other 
aircraft  positions. 

Provider  Operations  and  Maintenance  Costs — The  oceanic  ATS  units 
and  COM  stations  and  their  associated  staff  and  facilities  incur  opera¬ 
tions  and  maintenance  expenditures.  Because  expenses  typically  are  not 
as  high  as  those  of  large-scale  domestic  ATS  systems,  the  oceanic  opera¬ 
tions  and  maintenance  expenses  are  not  considered  to  be  excessive.  How¬ 
ever,  the  future  use  of  the  existing  systems  entails  continuation  of  the 
current  expense  patterns  or  growth  in  these  expenses.  These  future  ex¬ 
penses  may  become  a  burden  as  traffic  grows  and  the  current  system  is 
expanded  to  meet  this  growth.  This  postulated  cost  growth  is  due  to  the 


labor-intensive  ATS  and  COM  system  operations,  which  may  require  addi¬ 
tional  staffing,  and  to  the  c-vr.5  coots  of  maintaining  technologies 

that  were  not  designed  a cion,  ing  to  modem  cosc-ef ficient  maintenance 
practices. 

2.3  Low  Traffic  Density  Areas 
2.3.1  Technical  Systems 

Many  low  traffic  density  areas  of  the  world  are  not  as  strictly  con¬ 
strained  by  a  lack  of  land  sites  as  arcs  the  purely  oceanic  areas.  Domes¬ 
tic  technologies  are  used  in  such  low  traffic  density  areas  as  the  Africa 
(AFI)  and  CAR  regions,  but  the  typical  current  state  of  deployment  of  the 
technical  facilities  is  such  that  complete  coverage  by  domestic  systems 
is  not  realized. 

In  the  CAR,  for  example,  VHF  air-ground  communications  are  used 
when  aircraft  are  in  range  of  transmitters  and  receivers  located  on 
various  island  or  continental  coastal  sites.  HF  radiotelephony  is  used 
when  aircraft  are  in  gaps  between  VHF  coverages.  The  HF  air-ground 
communications  usually  are  conducted  through  COM  stations  because  most 
(but  not  all)  ATS  units  in  the  CAR  are  not  HF  equipped. 

Ground-ground  communications  between  CAR  ATS  units  generally  are 
conducted  by  voice  through  ATS  direct  speech  circuits  and  by  AFTN  cir¬ 
cuits.  ATS  direct  speech  interphone  connections  are  established  between 
most  (but  not  all)  adjacent  ATS  units  while  the  AFTN  connects  all  units. 
However,  AFTN  telegraph  transmissions  between  any  of  the  various  ATS 
units  in  the  CAR.-involve  circuitous  routings  and  are  subject  to  signifi¬ 
cant  delay  and  interruption;  as  a  result,  ATS  direct  speech  is  the  pri¬ 
mary  means  of  communication  between  unit3.  Computerized  data  processing 
systems  that  are  used  in  some  domestic  areas  are  not  used  extensively  in 
CAR. 


NDB/ADF  systems  are  used  extensively  to  navigate  many  of  the  routes 
through  CAR  airspace  while  VOR/DME  is  available  in  some  parts  of  the 
CAR.  Long-range  navigation  using  such  systems  as  IN.,  Omega  or  doppler 
radar  is  used  in  those  areas  that  are  beyond  NDB  or  VOR  coverage. 

Currently,  a  limited  number  of  radar  3ites  provide  coverage  in  parts 
of  Che  CAR,  but  the  coverage  is  not  extensive. 

2.3.2  Operational  Issues 

In  low  traffic  density  areas  of  interest,  such  as  the  CAR  and  AFI, 
services  are  provided  by  a  diverse  set  of  facilities.  Some  are  similar 
Co  those  of  oceanic  areas,  and  the  associated  operational  issues  of 
efficiency  are  analogous  to  those  described  above  for  the  oceanic  opera¬ 
tions  except  that  the  severity  of  flight  coat  penalties  due  to  congestion 
is  not  as  great  due  to  lower  traffic  activity.  Others  are  standard  land 
based  ATC  facilities  and  services.  Certain  other  problems  encountered 
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in  some  low  traffic  density  areas  are  described  in  the  following  para¬ 
graphs  which  address: 

(1)  Separation  Assurance  Services 

(2)  Ground-Ground  Communications  Pa  lay 

(3)  ATS  Jurisdictions 

Separation  Assurance  Services — Not  all  states  within  the  low  traffic 
density  areas  provide  complete  ATS  service.  In  the  CAR,  the  Port-au- 
Prince  flight  information  region  (FIR)  is  uncontrolled  airspace  in  which 
separation  assurance  is  not  provided.  In  AFI,  area  control  service  ia 
provided  in  various  local  areas  (largely  extensions  of  terminal  areas) 
and  along  some  ATS  routes.  Aircraft  flying  through  the  uncontrolled 
airspace  are  not  protected  from  potential  conflict  situations  by  ground- 
based  air  traffic  control  (ATC)  services.  In  lieu  of  ATC  service, 
aircraft  operators  may  employ  precautionary  procedures  such  as  self- 
announced,  self-initiated  VHF  radio  broadcasts  of  position  while  flying 
through  uncontrolled  airspace.  However,  such  procedures  are  not  suf¬ 
ficiently  systematic  to  assure  cooperation  and  coordination  between 
aircraft  regarding  collision  avoidance  maneuvers. 

Ground-Ground  Communications  Delay — A  safety  issue  could  arise  from 
the  possibility  of  missed  coordinations  between  those  ATS  units  thet  do 
provide  ATC  service  in  control  areas  (CTAs).  Delays  or  interruptions  in 
the  AFTN  delivery  of  messages  cause  situations  in  which  flight  plans  are 
not  forwarded  in  a  timely  manner.  This  situation  can  reault  in  a  sur¬ 
prise  intrusion  (i.e.,  a  "pop-up")  by  an  aircraft  into  controlled  air¬ 
space,  and  can  ca..se  a  violation  of  separation  minima.  The  possible 
occurrence  of  pop-up3  is  countered  by  air  traffic  controllers  by  routine¬ 
ly  forwarding  flight  plan  data  by  voice  using  the  ATS  direct  speech 
service.  This  procedure  is  cumbersome,  labor  intensive,  and  subject  to 
interruption. 

ATS  Jurisdictions — -There  are  11  FIRs  in  the  CAR  and  about  30  FIRs 
in  the  AFI  region.  These  are  rather  large  numbers  of  ATS  jurisdictions 
given  their  geographic  extent  of  coverage  and  low  traffic  density,  but 
are  established  by  the  various  states  in  consideration  of  their  sovereign 
territorial  jurisdictions.  Since  each  ATS  jurisdiction  includes  a  staff 
and  technical  facilities  structure,  cost  efficiency  would  be  improved  if 
a  fewer  number  of  jurisdictions  could  provide  ATS. 

2.4  References 

1.  SRI  International,  "Oceanic.  Area  System  Improvement  Study 
(OASIS)  Volume  II:  North  Atlantic  Region  Air  Traffic  Services 
System  Description."  Final.  Report  No.  FAA-EM-81-17 ,  II 
(September  1981), 

2.  SRI  International,  "Oceanic,  area  System  Improvement  Study 
(OASIS)  Volume  III:  Central  East  Pacific  Region  Air  Traffic 
Services  System  Description",  Final  Report  No.  FAA-EM-81-17,  III 
(September  1981). 
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Caribbean  Navigation  Systerau  Descriptions",  Final  Report  No. 
FAA-EM-81-17,  VI  (September  1981). 


3,0  POTENTIAL  SYSTEM  IMPROVEMENTS 


3.1  Improvement  Objectives 

The  operational  issues  discussed  in  the  preceding  section  ate  used 
in  this  section  as  a  basis  for  identifying  potential  system  improvements 
and  applications.  The  issues  are  interrelated  and  address  various  over¬ 
lapping  problem  areas.  For  example,  the  magnitude  of  separation  minima 
is  highly  correlated  to  the  diversion  and  delay  costs  associated  with 
track  entry  congestion,  track  crossings  and  mergings,  route  structuring, 
step  climb,  and  speed  difference  issues.  To  facilitate  the  process  of 
defining  system  development  candidates,  the  following  improvement  objec¬ 
tives  have  been  identified  with  the  understanding  that  complex  interac¬ 
tions  exist  between  many  of  the  items  listed  and  that  the  individual 
items  are  not  necessarily  of  equal  importance  (note  that  separation 
minima  reduction  is  closely  related  to  many  of  the  following  objectives 
and  therefore  is  not  specifically  identified  as  a  separate  objective): 
improve  flight  planning  efficiency;  reduce  oceanic  entry  congestion  and 
diversion  and  delay  costs;  reduce  crossing  and  merging  congestion  and 
diversion  and  delay  costs;  increase  the  frequency  of  step  climb  appro¬ 
vals;  reduce  spacings  due  to  aircraft  speed  differences;  increase  route 
structure  flexibility;  improve  vertical  flight  profiles;  improve  OTS  and 
ORS  placement  accuracy;  provide  data  necessary  to  improve  the  clearance 
decision-making  process;  reduce  delay  and  improve  reliability  of  air- 
ground  communication;  reduce  delay  and  improve  reliability  of  ground- 
ground  communication;  reduce  ATS  provider  facility  operations  and  main¬ 
tenance  costs;  enhance  separation  assurance  services;  alleviate  multi¬ 
plicity  of  ATS  jurisdictions. 

This  listing  is  not  meant  to  be  an  exhaustive  itemization  of  all 
possible  improvement  objectives,  but  does  provide  a  useful  reference  for 
examining  the  potential  for  improvement  in  the  various  areas.  Because 
many  of  the  potential  improvement  applications  (improved  flight  planning 
being  an  obvious  example)  are  common  to  the  various  areas,  consideration 
must  be  given  to  defining  potential  system  improvements  that  have  world¬ 
wide  application  rather  than  strictly  regional  application.  The  goal  of 
worldwide  applicability  is  supported  by  the  efficiencies  obtainable  by 
restricting  aircraft  equippage  to  commonly  used  systems  rather  than 
diverse  equippage  requirements  to  satisfy  different  systems  in  various 
areas. 

3.2  Improvement  Categories 

Various  domestic  and  oceanic  system  improvements  are  under  con¬ 
sideration  for  development  by  the  ATS  provider  and  user  authorities  of 
the  world.  These  improvements  involve  a  range  of  technical,  operational 
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and  institutional  implementations,  many  of  which  (such  as  improved  SSR) 
are  oriented  to  domestic  operations.  After  considering  the  various  system 
development  programs  and  concepts,  the  Aviation  Review  Committee  has 
identified  the  following  improvement  categories  ranked  in  priority  order 
of  interest  for  consideration  in  oceanic  and  selected  low  traffic 
density  areas: 

(1)  Reduction  of  vertical  separation  above  FL  290 

(2)  Airborne  separation  assurance  device 

(3)  Automatic  dependent  surveillance  and  reduction  of 
air-ground  communication  delay 

(4)  Improved  air-ground  and  ground-ground  communications 

(5)  Extension  of  the  MNPS  concept 

(6)  Better  airspace  utilization  through  use  of  improved  and 
automated  data  handling  and  displays  for  controllers. 

(7)  Improved  meteorological  (MET)  data  and  more  efficient  use 
of  MET  data 

(8)  Display  of  traffic  in  the  cockpit  based  on  air-air 
information  exchange 

(9)  Cooperative  independent  surveillance  and  instantaneous 
air-ground  communications. 

Table  3-1  relates  the  improvement  categories  to  the  improvement 
objectives,  and  indicates  that  many  of  the  individual  candidate  cate¬ 
gories  potentially  can  meet  several  objectives.  For  example,  the 
reduction  of  air-ground  COM  delay  and  use  of  automatic  dependent  sur¬ 
veillance  over  oceans  would  further  the  objectives  associated  with 
reduced  separation  minima,  reduced  delay  and  diversion,  increased  step 
climbs,  reduced  spacings  due  to  3peed  differences,  improved  clearance 
decision  making,  reduced  air-ground  and  ground-ground  communication 
delay,  and  reduced  provider  facility  operation  and  maintenance  costs. 
However,  the  capability  to  achieve  some  or  all  of  the  objectives  cited 
in  Table  3-1  depends  on  the  specific  technological  and  operational 
components  of  a  particular  system  improvement.  The  remainder  of  this 
section  describes  the  relevance  of  each  improvement  category  to  the  im¬ 
provement  objectives  and  introduces  the  various  technologies  associated 
with  each  category.  Note  that  certain  technologies  are  interdependent, 
and  that  the  technologies  are  not  necessarily  specific  to  given  areas 
but  are  applicable  to  various  areas  of  the  world. 
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IMPROVEMENT  OBJECTIVES  AND  IHPORVEMENT  CATEGORY  INTERACTIONS— PRELIMINARY  ASSESSMENT 
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A/C  *  nlr'Rround;  C/C.  -  Around-ground ;  A/A  «  air-air;  ADH  »  Automated  Data  Handling 


3.3  Reduction  of  Vertical  Separation  Above  FL  290 

Reduction  in  the  vertical  separation  minimum  from  2000  ft  to  1000 
ft  above  FL290  will  achieve  the  following  objectives:  improve  vertical 
flight  profiles  by  enabling  aircraft  to  follow  step  climb  profiles  that 
more  nearly  approximate  the  optimum  cruise  climb  profiles;  improve  flight 
planning  efficiency  by  providing  a  greater  flexibility  in  flight  level 
selection;  reduce  the  penalty  of  oceanic  entry  and  crossing  and  merging 
congestion  by  minimizing  flight  level  diversions  ;  reduce  diversion  and 
delay  costs  by  providing  more  alternative  flight  levels  closer  to  the 
preferred  profile;  and  increase  the  frequency  of  step  climb  request 
approvals  by  reducing  traffic  densities  on  each  flight  level,  thereby 
reducing  occurrences  of  potential  conflicts. 

The  magnitude  of  the  vertical  separation  minimum  depends  largely  on 
the  vertical  position  measuring  accuracy  of  the  aircraft  altimetry  system 
and  the  errors  associated  with  altitude  keeping.  The  barometric  altimeter 
systems  in  current  use  are  subject  to  three  types  of  errors:  static 
pressure  system  errors,  altimeter  instrument  errors,  and  flight  tech¬ 
nical  errors.  The  error  due  to  the  static  pressure  system,  which  senses 
ambient  air  pressure,  is  the  difference  between  the  true  pressure  alti¬ 
tude  (i.e.,  true  FL)  and  the  pressure  altitude  measured  by  the  static 
system.  The  error  due  to  the  altimeter  instrument  system,  which  trans¬ 
lates  the  pressure  sensed  by  the  static  system  into  flight  level  indica¬ 
tion  in  the  cockpit,  is  the  difference  between  the  measured  pressure 
altitude  and  the  altitude  displayed  in  the  cockpit.  Flight  technical 
error,  which  reflects  the  ability  of  the  pilot  or  the  automatic  altitude 
hold  system  to  maintain  a  desired  level  is  the  difference  between  the 
cockpit-displayed  pressure  altitude  and  the  pressure  altitude  assigned 
to  the  aircraft  (ref.  1). 

The  2000  ft  vertical  separation  minimum  was  established  in  the  1950s 
based  on  the  performance  characteristics  of  the  altimetry  systems  then 
in  use.  Improvements  in  altimetry  systems  since  1960  have  been  imple¬ 
mented  in  much  of  the  air  fleet,  including  the  turbojet  aircraft  capable 
of  operating  at  the  higher  altitudes.  These  improvements,  together  with 
the  use  of  autopilot  vertical  hold  techniques  which  reduce  flight  tech¬ 
nical  error,  have  increased  the  accuracy  of  vertical  position  measurement 
and  display  in  certain  aircraft,  but  the  degree  of  improved  performance, 
and  up-to-date  standards  of  performance  on  which  vertical  separation 
standards  may  be  based,  have  not  been  established  (ref.  2). 

A  comprehensive  data  collection  and  study  program  is  under  con¬ 
sideration  in  the  US  to  determine  the  potential  for  reduction  of  vertical 
separation  above  FL  290  to  1000  ft.  This  study  may  conclude  that  current 
systems  are  adequate  or  that  further  improvements  are  necessary.  In 
either  event,  the  reduced  vertical  minimum,  if  achieved,  might  be  applied 
to  domestic  and  oceanic  airspace.  However,  another  outcome  could  find 
that  a  new  system  such  as  radar  altimetry,  would  be  needed.  In  such  a 
case,  the  1000  ft  vertical  separation  minimum  might  be  limited  to  oceanic 
operations. 
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3.4  Airborne  Separation  Assurance  Device 

An  airborne  separation  assurance  device  would  form  the  basis  for  a 
collision  avoidance  system  that  provides  the  capability  for  aircraft  to 
recognize  and  resolve  certain  potential  conflict  situations  otherwise 
undetected  by  the  ATC  system.  A  separation  assurance  device  used  in  con¬ 
trolled  airspace  could  detect  potential  conflict  situations  that  occur 
as  a  result  of  aircraft  deviating  from  the  assigned  position  and  course 
without  detection  and  intervention  by  the  control  system.  Such  situa¬ 
tions  are  infrequent  and  their  rate  of  occurrence  is  related  to  the 
density  of  traffic  and  to  the  characteristics  of  the  tails  of  the  proba¬ 
bility  distribution  curve  describing  the  system  navigational  performance 
characteristics.  Since  the  operation  of  this  device  would  prevent  the 
effects  of  the  tails  of  the  system  navigation  performance  characteristics 
curve  from  increasing  collision  risk,  the  texm  "tailcutter"  has  been  used 
to  describe  this  device.  Such  devices  may  also  offer  a  capability  for 
air-derived  collision  avoidance  in  areas  where  separation  services  may 
not  be  currently  provided  by  ground-based  systems. 

Because  the  airborne  separation  assurance  device  protects  against 
potential  conflicts  that  would  not  be  detected  and  resolved  by  the 
current  ATS  systems  in  the  areas  under  study,  the  device  would  decrease 
the  collision  risk  potential  cf  t.he  ATS  systems  and  therefore  might 
allow  reduction  of  lateral  and  longitudinal  separations  where  those 
standards  are  established  in  consideration  of  the  incidence  of  large 
errors.  Such  a  reduction  of  separation  minima  would  improve  flight 
planning  accuracy  and  reduce  congestion,  diversion,  and  delay  because  of 
the  increased  availability  and  flexibility  of  preferred  and  alternate 
routings  due  to  closer  spaced  tracks  and  closer  longitudinal  aircraft 
spacings.  These  capabilities  are  the  basis  for  the  potential  improve¬ 
ment  impacts  shown  in  Table  3-1,  which  specifically  identify  reduced 
oceanic  entry  and  crossing  and  merging  congestion,  reduced  diversion  and 
delay  costs,  increased  frequency  of  step  climb  approvals,  and  reduced 
spacings  due  to  aircraft  speed  differences. 

The  airborne  separation  assurance  device  could  be  operated  in 
oceanic  and  selected  low  traffic  density  areas  without  dependence  on 
external  control  systems.  It  would  operate  independently  of  ground- 
based,  satellite— based ,  or  other  support  systems,  and  therefore  would 
not  require  the  existence  or  implementation  of  support  facilities.  The 
consideration  of  this  potential  improvement  in  this  study  is  focused  on 
aircraft  equipment  installations  that  provide  active  air-to-air  inter¬ 
rogations  and  data  transmissions  between  proximate  aircraft,  as  well  as 
providing  potential  conflict  recognition,  assessment,  and  resolution 
information  to  pilots. 

A  separation  assurance  device  based  upon  the  secondary  surveillance 
radar  could  operate  by  interrogating  transponders  in  other  aircraft  and 
computing  range,  range  rates,  altitude,  and  altitude  rate  of  closing 
aircraft  (ref.  3).  The  existence  of  a  threat  would  be  recognized  by  an 


on-board  computer  that  generates  a  resolution  command  for  display  to  the 
pilot.  If  the  bearing  of  the  threatening  aircraft  is  not  measured,  only 
vertical  maneuver  instruction  and  vertical  speed  limits  would  be  issued. 
This  capability  could  be  upgraded  with  the  addition  of  a  directional 
antenna  with  sufficient  accuracy  to  provide  horizontal  information.  A 
directional  antenna,  possibly  with  extended  range,  might  be  used  to  pro¬ 
vide  position  keeping  capability  as  well  as  collision  avoidance.  A  posi¬ 
tion  keeping  function  might  support  close  longitudinal  spacing  between 
following  aircraft  on  identical  tracks. 

3.5  Automatic  Dependent  Surveillance  Over  Oceans  and  Reduction  of 

Air-Ground  Communication  Delay 

This  potential  improvement  provides  two  significant  capabilities: 

(1)  minimized  air-ground  communication  delay  between  pilot  and  controller 
based  on  digital  data  link  and  limited  voice  services;  and  (2)  an  auto¬ 
matic  dependent  surveillance  function.  Air-ground  data  link  and  voice 
transmission  capabilities  directly  between  aircraft  and  ATS  units  obviate 
the  need  for  a  COM  station  intermediary .  This  system  would  transmit 
automatically,  via  the  data  link,  aircraft  position  reports  derived  from 
the  onboard  navigation  system.  Hence,  the  position  data  is  dependent  on 
the  aircraft  avionics,  in  contrast  with  a  ground-based  SSR-like  coopera¬ 
tive  independent  surveillance  service.  The  dependent  surveillance  and 
associated  communication  improvements  would  provide  position  reports 
more  frequently  than  does  the  current  HF  voice  operation  and  would  enable 
more  rapid  response  by  controllers  to  aircraft  situations  requiring 
intervention.  This  improvement  would  be  used  in  conjunction  with  auto¬ 
mated  ATC  data  handling,  displays  for  controllers  and  associated  advanced 
ATC  automation.  The  resulting  improvements  in  surveillance  and  communi¬ 
cation  might  support  reduced  lateral  and  longitudinal  separation  minima, 
although  the  reductions  would  not  be  as  large  as  those  associated  with 
cooperative  independent  surveillance.  Such  reductions  in  separation 
minima  would  support  objectives  associated  with  reducing  congestion, 
diversion,  and  delay,  and  related  impacts  indicated  in  Table  3-1  for 
this  system.  The  reduced  dependence  on  COM  station  facilities  could 
enable  reduction  of  provider  operation  and  maintenance  costs. 

Various  technologies  have  been  considered  for  implementing  auto¬ 
matic  dependent  surveillance  and  associated  communication  improvements, 
including  HF  data  link  and  voice,  satellite  data  link  and  voice,  ter¬ 
restrial  relay  (e.g.,  oceanic  platforms),  air-to-air  relay  between  system 
users,  and  drone  aircraft  relay  (ref.  4).  Based  on  technical,  opera¬ 
tional,  and  economic  considerations,  the  simple  network  HF,  network  HF 
and  satellite  systems  appear  to  be  the  most  promising  candidates  for 
further  evaluation  and  are  introduced  in  the  following  paragraphs. 

3.5.1  Simple  Network  HF  Data  Link  and  Voice 

HF  relies  on  ionospheric  propagation  and  is  subject  to  ionospheric 
disturbances  that  interfere  with  message  transmissions.  The  resulting 
outages  generally  are  local  m  nature  and  do  not  normally  affect  all 


18 


available  frequencies  and  locations  (i,s.,  all  transmission  paths). 

Pilots  experiencing  voice  transmission  difficulties  using  the  current  HF 
system  can  search  for  and  transmit  on  a  more  usable  frequency,  possibly 
to  another  ground  station.  Also,  current  voice  messages  received  at 
ground  stations  other  than  that  addressed  can  be  copied  and  forwarded  by 
AFTN  to  the  addressed  N  ation.  This  networking  procedure,  and  the  use 
of  air-to-air  VHF  voice  relay,  provide#  a  method  for  completing  air- 
ground  communications  with  a  ground  station  whose  frequencies  are 
experiencing  outage  difficulties. 

Comparable  networking  procedures  could  be  provided  for  (depending 
on  design  as  discussed  below)  by  the  simple  network  HF  data  link  concept. 
If  the  occurrence  of  outages  were  not  detected  and  effectively’  counter¬ 
acted  by  this  system,  the  resulting  unreliable  and  irregular  transmission 
performance  characteristics  inherent  in  a  simple  network  HF  ddta  link 
system  concept  would  probably  not  support  a  reduction  of  separation 
minima.  However,  even  though  many  unknowns  are  associated  with  accur¬ 
ately  estimating  the  performance  improvement  (and  associated  overall 
system  impacts)  of  changing  from  an  KF  voice  to  basically  an  HF  data 
link  air-ground  communication  environment,  several  functional  improve¬ 
ments  are  evident:  (1)  Direct  pilot-to-controller  communications  may  be 
established.  Inherent  in  this  development  would  be  a  reduction  of  air- 
ground  communications  delay  by  eliminating  the  present  system  message 
copying  and  associated  transfer  delays.  (2)  Data  Link  would  provide 
the  means  with  which  to  initiate  an  automatic  dependent  surveillance 
function.  This  function,  coupled  with  automated  ATC  data  handling, 
controller  displays  and  associated  advanced  ATC  automation  improvements, 
would  allow  the  controllers  to  more  efficiently  make  use  of  airspace. 

(3)  The  basic  HF  data  link  signal  format  and  associated  coding  possi¬ 
bilities  would  make  HF  data  link  more  reliable  than  HF  voice.  In  addi¬ 
tion,  the  ease  with  which  data  link  messages  might  be  automatically 
retransmitted  several  times  over  a  relatively  short  time  period  (should  . 
there  be  propagation  difficulties)  would  also  enhance  reliability  and 
reduce  message  transmission  delay.  A  reduction  in  the  radio  operator 
labor  intensiveness  also  would  occur. 

An  evolutionary  transition  to  a  reduction  of  separation  minima  to 
30  nmi/5  min/2000  ft  is  considered  as  an  option  associated  with  the 
simple  network  HF  data  link  and  voice  system;  experience  and  tests 
associated  with  an  initial  system  would  determine  if  such  a  system 
(without  an  airborne  separation  assurance  device)  would  have  the  link 
reliability  to  support  a  minima  reduction. 

A  simple  network  HF  data  link  concept  has  been  designed  by  Working 
Group  B  of  the  Aviation  Review  Committee  as  a  relatively  low  cost, 
evolutionary  means  for  improving  communications  (see  Section  5  and 
Appendix  A  of  this  report).  This  concept  essentially  involves  estab¬ 
lishing  HF  data  link  capabilities  at  the  present  HF  COM  and  ATS  ground 
facilities  and  on  aircraft,  and  providing  upgraded  data  links  between 
ground  facilities.  This  concept  by  design  involves  moderate  aircraft 
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position  polling  rates  and  moderately  sized  data  link  mechanisms  for 
coordinating  tne  HF  operations  between  the  participating  ground  stations. 
The  COM  stations  (e.g.,  six  in  the  NAT)  would  be  connected  in  a  real  time 
network  with  polling  centrally  controlled  by  a  master  control  station 
(e.g.,  in  the  NAT,  from  either  one  of  two  master  control  stations,  one 
in  North  America  and  one  in  Europe)  not  necessarily  collocated  with  a 
COM  station.  One  family  of  five  HF  frequencies  is  assumed  to  be  used 
with  an  average  position  update  interval  of  5  minutes  (ref.  5).  It  is 
assumed  that  a  simple  netwoi'k  HF  data  link  and  voice  3ystem  would  not 
utilize  as  systematic  a  sounding  or  probing  scheme  of  the  HF  spectrum 
and  the  extensive  frequency  switching  an  the  more  sophisticated  network 
HF  data  link  and. voice  system  design  discussed  in  Section  3.5.2. 

This  simple  network  HF  data  link  and  voice  design  retains  a  level 
of  communication  link  reliability  that  is  better  than  or  as  a  minimum  at 
least  as  good  as  the  present  HF  SSB  voice  system.  In  this  simple  net¬ 
work  system  design,  air-grounc  data  link  communication  messages  and 
position  reports  could  be  transmitted  to  alternative  ground  stations  and 
subsequently  automatically  data-linked  (via  ground-ground  links)  back  to 
the  ATS  ground  station  handling  the  aircraft.  Likewise,  a  capability 
would  be  available  to  automatically  attempt  communication  through  the 
alternate  ground  stations  available.  Note  that  the  above  described 
simple  network  HF  data  link  and  voice  concept  as  proposed  by  Working 
Group  B  is  a  more  integrated  and  systematic  concept  than  a  previously 
proposed  (ref.  6)  and  simpler  non-network  HF  data  link  and  voice  concept 
which  could  have  included  interlinked  ground  facilities,  but  not  the 
systematic  sounding  or  probing  of  the  HF  spectrum,  or  the  master  control 
and  associated  networking  of  Che  simple  network  concept.  The  non-network 
concept,  as  considered  by  the  Aviation  Review  Committee,  is  not  expected 
to  provide  a  the  level  of  reliability  and  flexibility  in  continuous  per¬ 
formance  as  the  simple  network  design.  The  possibilities  for  networking 
and  the  associated  increased  level  of  expected  performance  make  the 
simple  network  HF  system  a  candidate  for  implementation  in  such  areas  as 
the  NAT.  The  possible  suitability  of  a  non-network  HF  data  link  system 
to  areas  where  networking  may  not  be  possible  would  depend  on  such 
factors  as  the  system's  objectives  (e.g.,  to  establish  direct  pilot-to- 
controller  communication,  or  to  provide  for  an  increased  frequency  of 
positron  reports  without  increasing  L^bor  intensiveness),  the  potential 
link  reliability,  frequency  availability,  and  costs. 

3.5.2  Network  HF  Data  Link  arm  Voice 

A  highly  reliable  HF  air-ground  data  link  and  voice  communication 
system  requires  a  carefully  structured  and  integrated  network  of  radio 
facilities,  equipment,  and  procedures  to  select  and  assign  usable  fre¬ 
quencies  at  all  times.  Working  Group  ii  of  the  Aviation  Review  Committee 
has  determined  that  HF  data  link  prorogation  difficulties  might  be  over¬ 
come  to  the  extent  necessary  by  applying  the  full  set  of  advanced  HF 
communication  techniques  believed  to  be  workable  (see  Section  5  and 
Appendix  A  of  this  report).  The  proposed  approach  includes  the  joint 


application  of  HF  frequency,  spacial  path,  and  time  diversity  techniques 
for  signal  transmission.  Frequency  uiveraitv  involves  probing  or  sounding 
of  the  HF  frequencies  over  the  allocated  spectrum  to  select  the  optimum 
frequency  for  a  specific  air-ground  transmission  at  a  specific  time. 
Spacial  path  diversity  involves  the  aimuitaneous  transmission  of  messages 
over  multiple  links.  Time  diversity  involves  an  intricate  signal  modula¬ 
tion  design  using  correcting  codes  and  message  interleaving  to  provide 
adequate  transmission  capacity. 

The  sounding  technique  is  the  central  element  of  the  proposed 
system  concept  and  requires  strict  coordination  between  the  various 
system  participants  (i.e„,  ATS  unite)  to  assure  proper  HF  channel 
management.  This  coordination  requires  a  high  grad.:  ground-ground 
communication  network  (e.g„,  leased  satellite  circuits)  between  the 
participating  facilities  to  enable  proper  command  and  control  of  the  HF 
data  link  operation.  Despite  the  elaoorate  structure  of  the  proposed  HF 
system,  insufficient  information  on  empirical  HF  propogation  is  avail¬ 
able  to  guarantee  that  a  large-scale  ionospheric  disturbance  would  not 
interrupt  service  to  an  unacceptable  level. 

3.5.3  Satellite  Data  Link  and  Voice 

While  the  network  HF  data  link  and  voice  system  is  a  case  where  all 
available  engineering  concepts  would  be  called  upon  to  develop  a  reliable 
air* ground  communication  service,  the  currently  attainable  satellite  data 
link  and  voice  technology  i a  expected  to  be  capable  of  providing  the  data 
transmission  rates  and  area  coverage  required  for  ATS  communication  pur¬ 
poses.  However,  the  cost  of  prov;.ding  satellite  service  could  be  high 
and  judgement  must  be  exercised  to  limit  expenditures  to  levels  commen¬ 
surate  with  the  needs  of  the  aviation  community.  The  costs  are  quite 
sensitive  to  the  satellite  voice  communication  requirement,  which  is 
much  more  costly  than  the  satellite  data  link  function. 

Working  Group  B  of  the  Aviation  Review  Committee  has  developed 
proposed  satellite  data  link  and  voice  system  concepts  based  on  L-band 
aircraft/satellite  communications  (with  allowance  for  VHF  aircraft/ 
satellite  communications  as  an  alternative),  and  C-band  for  the  ground/ 
satellite  portions  of  the  air-ground  communications  and  the  ground- 
ground  communications  for  command  and  control  of  Che  air-ground  opera¬ 
tion  (see  Section  5  and  Appendix  H  of  this  report).  A  single  satellite 
communications  package  with  another  back-up  package  in  orbit  would  be 
required  to  provide  the  air  ground  communications  reliability.  Various 
approaches  could  be  envisioned  for  providing  the  space  segment  including: 
(1)  leasing  channels  from  a  commercial  service;  (2)  putting  a  small  avia¬ 
tion  transponder  package  on  an  available  satellite,  and  sharing  the 
satellite  costs;  and  (3)  developing  and  supporting  a  satellite  system 
designed  specifically  for  and  dedicated  to  aviation  applications  (an 
action  that  would  provide  complete  control  over  the  services  provided 
but  at  a  high  cost  of  financing  the  entire  satellite,  subject  to  channel 
subleasing  arrangements).  As  presented  in  Section  5.3.2,  option  (2) 
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above  was  used  as  the  basis  for  jstimating  costs.  Similarly,  the  ground 
component  of  the  system  may  be  baecn  on  .leased,  snared,  or  owned  equip¬ 
ment  and  support  facilities.  The  airborne  component  will  require  on¬ 
board  installation  of  compatible  radio,  antenna,  and  data  processing 
equipment. 

3.6  Improved  Air— Ground  and  Ground-Ground  Communications 

Improved  air-ground  and  ground-ground  communications — or  equivalent¬ 
ly  improved  aeronautical  mobile  service  and  aeronautical  fixed  service— 
includes  the  application  of  advanced  techniques  such  as  the  use  of  HF  and 
satellite  data  link  techniques  introduced  in  the.  preceding  paragraphs  or 
the  expansion  of  currently  available  domestic  communication  technologies. 
In  either  case,  a  main  objective  is  to  improve  and  integrate  overall  ATS 
communication  service  (as  shown  in  Table  3-1)  and  thereby  support  the 
implementation  of  other  potential  system  improvements.  An  upgraded 
air-ground  and  ground-grounc  communications  network  could  also  foster 
the  alleviation  of  multiple  ATS  jurisdictions,  especially  in  an  area 
where  an  excess  number  of  jurisdictions  are  established  because  of  cur¬ 
rent  communications  limitations.  The  COM  network  improvements  would 
provide  a  broader  geographic  scope  of  air-ground  coverage  by  a  given 
unit  and  would  facilitate  interfacility  coordination. 

The  ground-ground  communications  improvements  such  as  expanded  data 
link  services  may  be  readily  accomplished  in  areas  where  high  quality 
owned  or  leased  circuits  are  currently  available.  In  other  areas,  where 
the  available  post,  telegraph,  and  telephone  leased  circuits  are  subject 
to  interruptions,  the  adaptation  of  the  HF  or  satellite  data  link  tech¬ 
niques  should  be  considered.  However,  the  combined  provision  of  air- 
ground  and  ground-ground  communications  by  a  common  system  is  subject  to 
international  regulations  that  assign  separate  frequencies  to  aeronau¬ 
tical  mobile  and  fixed  services, 

3.7  Extension  of  MNPS  Concept 

The  extension  of  the  MNPS  concept,  which  currently  is  applied  in 
part  of  the  NAT,  to  other  areas  could  support  reductions  in  the  lateral 
separation  minima  and  related  objectives  associated  with  reduced  con¬ 
gestion,  diversion,  and  delay  and  improved  flight  planning  accuracy  as 
shown  in  Table  3—1.  However,  the  degree  to  which  diversion  and  delay 
costs  could  be  meaningfully  reduced  depends  on  the  extent  of  congestion 
currently  being  experienced  in  the  particular  area  of  application. 

Clearly,  an  area  with  concentrated  traffic  flow  such  as  the  ORS  in  the 
CEP  or  heavily  used  corridors  in  other  areas  would  benefit  most.  The 
extension  of  MNPS  might  require  some  merus  of  assuring  conformance  to 
the  navigation  specification  (e.g.,  using  radar). 

In  conjunction  with  other  potential  system  improvements,  MNPS  im¬ 
provements  could  support  further  reductions  in  separation  minima.  For 
example,  the  accuracy  of  some  currently  used  navigation  systems  more 
than  satisfies  the  existing  MNPS  standard,  and  further  improvements  in 
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avionics  would  support  more  sti  .ngenu  MNPS  standards  and  concurrent 
reductions  in  che  lateral  so  pom  m,  liiauin,  The  MNPS  concept  could  be 
expanded  to  cover  position  keeping  accuracy  tc  support  longitudinal  mini¬ 
mum  reductions,  ae  well  as  to  cover  vertical  position  accuracy  specifica¬ 
tions  in  support  of  a  reduction  to  VjOO  ft  vertical  separation  minimum 
above  FL  290. 

3.8  Better  Airspace  Utilisation  Through  the  Use  of  Improved  and 

Automated  Data  Handling  and  Displays  for  Controllers 

This  potential  improvement  and  associated  ATC  automation  would 
employ  computerization  to  present  more  precise  and  comprehensive  traffic 
description  and  analysis  information  to  controllers  than  is  currently 
provided.  The  automation  devices  would  provide  various  capabilities 
including  automated  flight  data  or a pi ays .  traffic  situation  displays, 
and  conflict  prediction  and  resolution.  Automated  data  presentations 
operating  in  conjunction  with  communication  improvements  would  enable 
controllers  to  more  accurately  assess  traffic  situations,  especially 
potential  conflicts,  and  thereby  determine  clearance  decisions  that  are 
more  sensitive  to  aircraft  flight  preferences.  The  improved  conflict 
intervention  capability  would  permit  better  assessment  and  approval  of 
step  climbs,  and  more  efficient  airspace  utilization.  In  addition,  it 
would  support  reductions  in  lateral  and  longitudinal  separation  minima 
and  thus  further  the  congestion,  diversion,  delay,  and  flight  planning 
objectives  shown  in  Table  3-1, 

Various  near-term  advanced  data  handling,  display  and  associated 
automation  improvements  to  expand  current  capabilities  are  under  devel¬ 
opment.  For  example,  the  expanded  use  of  conflict  prediction  devices, 
one  version  of  which  has  been  in  operation  by  the  Gander  Area  Control 
Center  (ACC),  is  planned  in  the  NAT.  Implementation  plans  also  include 
introduction  of  tabular  displays  of  flight  data,  conflict  alerting,  and 
automatic  input  and  processing  of  positron  reports.  These  near-term 
improvements  would  support  the  continuation  of  current  control  opera¬ 
tions  into  the  future. 

Quite  apart  from  the  near-term  automation  improvements,  more 
sophisticated  automated  ATC  data  handling,  controller  displays,  and 
associated  advanced  ATC  automation  features  using  direct  air-ground 
communications  are  assumed  to  be  needed  to  support  automatic  dependent 
surveillance  and  the  cooperative  independent  surveillance  functions. 
Tabular  and  graphical  displays  and  potential  conflict  resolution 
features  would  enhance  controller  potential  conflict  intervention 
capabilities.  This  is  assumed  to  include  software  to  search  for  and 
identify  specific  flight  technical  errors  (e.g.,  incorrect  waypoint 
insertions  by  pilots)  to  reduce  deviations  from  assigned  course.  These 
improvements  would  further  tactical  control  and  support  longitudinal 
separation  minima.  These  automated  ATC  data  handling,  controller  dis¬ 
plays,  and  associated  advanced  ATC  automation  features  are  assumed  to  be 
required  to  be  used  in  conjunction  with  the  following  improvement  alter¬ 
natives:  automatic  dependent  surveillance  with  network  HF  data  link  and 
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voice  and  with  simple  network  HF  date  link  and  voice  with  and  without 
separation  minima  reduction*  jutomc-.c  dependent  surveillance  with 
satellite  data  link  and  voice  or  with  satellite  data-link  only,  and 
cooperative  independent  surveillance  with  mulciple  satellites  data  link 
and  voice. 

3.9  Improved  MET  Data  and  Use  of  KET  Data 

More  accurate  meteorological  forecasts  than  those  currently  provided 
clearly  would  improve  flight  planning  accuracy  and  OTS  placement  accuracy 
as  shown  in  Table  3-1-  Improved  MET  data  would  also  improve  ORS  place¬ 
ment  accuracy  only  if  this  track  system  were  adjusted  daily  or  periodi¬ 
cally  rather  than  held  fixed  aa  xa  the  current  practice.  Improved  MET 
data  also  would  increase  the  accuracy  of  flight  track  projections  and 
associated  conflict  detection  automation,  thereby  providing  controllers 
with  more  accurate  information  on  which  to  base  clearance  decisions. 

Meteorological  forecasts  are  based  on  radiosonde  observations  made 
by  weather  services  augmented  by  other  data  observations  including  pilot 
air  reports  (AIREPs).  The  frequency  and  scope  of  geographic  coverage  of 
the  AIREPs  can  be  increased  by  using  automated  reporting  procedures  such 
as  satellite-relayed  air-ground  data  link  messages.  The  Commercial 
Aircraft  Fuel  Savings  Program  of  the  US  National  Aeronautics  and  Space 
Administration  (NASA)  has  been  investigating  the  aviation  applications 
and  benefits  of  improved  MET  data  and  their  use  (ref.  8).  Aviation  pro¬ 
grams  to  expand  AIREP  observations,  however,  must  be  coordinated  with 
the  weather  services  to  assure  that  the  aviation  data  are  being  con¬ 
sidered  in  a  satisfactory  manner  relative  to  radiosonde  reports  in  the 
meteorological  forecasting  process.  Otherwise,  the  aviation  MET  data 
gathering  program  may  have  limited  impact  on  the  quality  of  the 
forecasts. 

3.10  Display  of  Traffic  Based  on  Air-Air  Information  Exchange 

A  cockpit  display  of  traffic  information  (CDTI)  based  on  air-air 
transmissions  could  provide  a  pilot  with  information  on  selected  traffic 
of  concern  (ref.  3,7).  The  air-air  CDTI  describes  proximate  traffic  and 
therefore  might  be  used  by  pilots  to  maintain  awareness  of  situations 
and  to  detect  potential  loss  of  separations  between  cooperating  aircraft. 
While  the  display  does  not  guarantee  separation  between  all  aircraft  in 
these  areas,  it  could  enable  pilots  to  maintain  their  own  spacing  between 
suitably  equipped  aircraft  and  therefore  is  considered  a  basis  for  self¬ 
separation  in  low  traffic  activity  areas  where  separation  service  may  not 
be  provided.  (See  Table  3-1.)  Furthermore,  in  systems  providing  ATC  ser¬ 
vices,  the  utilization  of  conditional  clearances  might  be  facilitated 
with  CDTI. 

The  airborne  CDTI  requires  implementation  of  airborne  electronic 
display,  computer  processing,  ami  interrogation  and  receiver  equipment. 

The  operation  would  be  similar  r.o  that  ot  a  separation  assurance  device 
(and  could  operate  in  conjunction  with  such  a  device),  except  that  the 
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CDTI  would  not  generate  conflict  detection  and  avoidance  information. 

The  CDTI  data  acquisition  and  proceooing  system  would  not  necessarily 
provide  the  level  of  precision  required  to  support  collision  avoidance, 
but  would  provide  sufficient  display  resolution  to  enable  the  pilot  to 

remain  aware  of  the  traffic  situation  (ref.  3). 

3.11  Cooperative  Independent  Surveillance  and  Instantaneous 
Air-Ground  Communication 

This  improvement  concept  includes  the  communications  capability 
necessary  to  support  a  cooperative  independent  surveillance  function, 
and  digital  data  link  and  voice  link  services  directly  between  aircraft 
and  ATS  units,  and  thus  eliminates  the  requirement  for  a  COM  station 
relay.  This  improvement  would  automatically  interrogate  aircraft  trans¬ 
ponders  and  process  the  response  data  to  provide  SSR-like  cooperative 
independent  surveillance-  This  improvement  used  in  conjunction  with 
automated  ATC  data  handling ,  controller  displays  and  associated  advanced 
ATC  automation  would  enhance  tactical  intervention  capabilities  and 
support  significant  lateral  and  longitudinal  separation  minima  reductions 
and  associated  congestion,  delay,  diversion,  and  flight  planning  impacts 
as  shown  in  Table  3-1  for  this  system. 

The  cooperative  independent  surveillance  function  would  require 
multiple  satellites  to  provide  the  interrogation  data  needed  to  deter¬ 
mine  aircraft  position.  For  example,  time-difference  ranging  techniques 
may  be  used  to  calculate  aircraft  positions  independently  of  airborne 
navigation  systems.  The  multiple  satellite  system  would  require  at 
minimum  two  active  space  vehicles  and  one  spare  vehicle  in  orbit.  The 
resulting  high  implementation  costs  (particularly  if  the  satellites  are 
dedicated  to  aeronautical  rather  than  shared  services)  would  be  a  criti¬ 
cal  determinant  of  the  economic  feasibility  of  this  system. 
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4,0  NAT  OPERATING  REQUIREMENTS 


4.1  Introduction 

The  previous  section  identified  numerous  improvement  objectives, 
many  of  which  have  the  common  goal  of  achieving  reduced  separation 
minima,  and  identified  various  potential  improvements  that  would  support 
separation  minima  reductions,  However,  the  "uderlying  justifications 
for  considering  these  reductions  were  not  elaborated.  This  section 
describes  the  ATS  system  operating  requirements  for  separation  minima 
reductions  for  the  pertinent  potential  improvements  in  the  NAT.  While 
this  section  addresses  the  NAT,  the  general  discussions  and  conclusions 
are  considered  relevant  to  other  similar  areas  of  the  world. 

The  NAT,  for  the  purposes  of  this  report,  is  the  high  altitude' 
enroute  airspace  shown  in  figure  4~1  and  includes  the  Gander,  Shanwick, 
New  York,  Santa  Maria  and  Reykjavik  CTA/FIRs,  and  part  of  the  San  Juan 
and  Miami  CTA/FIRs.  This  NAT  airspace  includes  traffic  flows  whose 
operations  would  be  impacted  by  potential  oceanic  system  improvements, 
and  includes  trans-Atlantic  traffic  operating  between  Europe  and  North 
America  as  well  as  traffic  operating  only  in  certain  parts  of  the  North 
Atlantic  (e.g.,  oceanic  flights  in  the  western  North  Atlantic  operating 
between  the  Caribbean/ South  America  area  and  the  northeastern  United 
States/Canada).  The  NAT  airspace  shown  in  Table  4-1  is  in  general 
larger  than  the  areas  addressed  by  other  organizations  such  as  the  North 
Atlantic  Traffic  Forecasting  Group  (NAT/TFG),  and  therefore  encompasses 
greater  traffic  volumes  than  those  addressed  by  the  NAT/TFG  and  others. 
For  example,  the  NAT  airspace  addressed  in  this  report  covers  the 
following  traffic  flows,  of  which  the  last  five  (items  10  through  14) 
are  understood  not  to  be  included  in  the  NAT/TFG  traffic  sample: 

1.  Scandinavia-North  America 

2.  Europe-Eastern  North  America 

3.  Europe-Mid  North  America 

4.  Europe-Western  North  America 

5.  Europe-Caribbean 

6.  Iberia-USA 

7.  Iberia-Canada 

8.  Iberia-Caribbean 

9.  North  America-Af rica 

10.  Europe-Iceland 

11.  Europe-Azores 

12.  US/Canada-Caribbean/S.  America 

13.  Mideast/Af rica-Caribbean/S.  America 

14.  Greenland-USA/Canada 
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4.2  Separation  Minima  Reductions 

The  separation  minima  reflect  the  operating  capabilities  of  the 
navigation,  surveillance,  and  communication  systems,  as  well  as  potential 
conflict  intervention  procedures,  expressed  in  terms  of  the  abilities  of 
the  systems  to  jointly  support  separation  assurance  service.  Separation 
assurance  in  controlled  airspace  depends  in  part  on  the  ability  of  air¬ 
craft  to  maintain  assigned  position  and  course  and  on  the  ability  of  the 
control  system  to  detect  and  correct  unauthorized  deviations.  Obviously, 
navigation  system  accuracy  determines  the  capability  of  aircraft  to 
maintain  assigned  position  and  course,  and  efforts  to  reduce  separation 
minima  must  be  considered  relative  to  the  navigation  system  accuracy 
achievable.  Similarly,  efforts  to  reduce  minima  must  consider  the  rela¬ 
tionship  between  the  separation  minima  and  the  ability  of  the  surveil¬ 
lance  system  to  recognize  deviations  from  assigned  position  and  course, 
identify  corrective  maneuvers,  and  communicate  corrective  actions  to 
aircraft  in  a  timely  manner.  Hence,  such  items  as  surveillance  data 
resolution,  ATC  decision  making  and  response  time,  communication  delay 
and  conflict  avoidance  features,  as  well  as  navigation  system  accuracy, 
are  relevant  to  separation  minima  reductions. 

A  consensus  of  the  Aviation  Review  Committee  regarding  the  relation¬ 
ships  between  separation  minima  and  the  system  functional  requirements 
necessary  to  support  those  minima  are  presented  in  Table  4-1  (ref.  1,2). 
Table  4-1  addresses  the  NAT  OTS  separation  minima  of  60  nmi  laterally/ 15 
min  longitudinally/and  2000  ft  vertically  (60  nmi/  15  min/2000  ft),  which 
are  planned  to  be  established  in  October  1980;  the  longitudinal  minimum 
is  planned  to  be  changed  to  10  min  by  1982.  Table  4-1  also  addresses 
lateral  minima  of  60-30  nmi  composite,  30  nmi  and  less-than-30  nmi; 
longitudinal  minima  of  5  min  and  less-than-5  min;  and  a  1000  ft  vertical 
minimum. 

For  the  purposes  of  thi9  analysis,  the  less-than-30  nmi  lateral 
minimum  and  the  less-than-5  min  longitudinal  minimum  alternative  assumed 
to  include  the  15  nmi  lateral  and  2  min  longitudinal  minima  (as  discussed 
by  the  Aviation  Review  Committee  and  as  considered  by  Working  Group  B  of 
the  Committee). 

4.3  Potential  Improvements  Applications 

The  data  entries  in  Table  4-1  describe  the  communication,  naviga¬ 
tion,  surveillance,  and  airborne  separation  assurance  device  improvement 
requirements  associated  with  each  indicated  separation  minimum.  The 
single  sideband  (SSB)  HF  voice  communication  requirement  is  shown  capable 
of  supporting  60  nmi  and  60-30  nmi  composite  lateral,  15  min  and  10  min 
longitudinal,  and  1000  ft  vertical  separation  minima;  SSB  in  association 
with  airborne  separation  assurance  and  navigation  improvements  is  shown 
to  support  a  30  nmi  lateral  minimum.  Direct  communications  in  conjunc¬ 
tion  with  other  improvements  are  shown  necessary  to  support  30  nmi  and 
smaller  lateral  minima,  and  5  min  and  smaller  longitudinal  minima. 
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Direct  communication*  would  be  provided  by  a  reliable  air-ground  link 
with  no  significant  message  delay  characteristic,  and,  for  the  purposes 
of  this  study,  is  defined  to  be  communications  between  pilot  and  con¬ 
troller  without  the  intervention  and  services  of  a  radio  operator  (com¬ 
municator)  intermediary,  such  as  might  be  provided  by  HF  data  link, 
satellite  data  link  and/or  voice  link,  or  VHF  data  link  and/or  voice 
link  where  coverage  is  available. 

The  accuracy  of  navigation  systems  meeting  MNPS  are  assumed  to  be 
adequate  to  support  60  nmi.  (and  60-30  nmi  composite  lateral  separations 
in  one  option)  and  10  min  longitudinal  separation  as  shown  in  Table  4-1; 
the  performance  specification  (PS)  shown  for  the  longitudinal  minimum  is 
assumed  to  be  compatible  with  MNPS. 

However,  Table  4-1  indicates  uncertainty  in  the  system  requirements 
necessary  to  support  a  60-30  nmi  composite  separation.  Composite  lateral/ 
vertical  separation  has  been  effectively  used  in  the  CEP  and  the  NAT  for 
a  number  of  years,  and  is  a  possible  alternative  method  for  again  im¬ 
proving  the  operations  in  the  NAT.  The  use  of  this  alternative  with  the 
present  NAT  lateral  separation  minimum  13  contingent  upon  the  assurance 
that  the  composite  risk  would  not  be  -excessive.  This  is  difficult  since 
little  information  is  available  on  the  character  and  frequency  of  errors 
in  the  vertical  dimension.  This  lack  of  data  has  been  covered  previously 
by  assumptions  on  the  probability  of  vertical  overlap.  With  the  imple¬ 
mentation  of  a  60-30  nmi.  composite  structure,  the  lateral  overlap  com¬ 
ponent  could  be  effected  by  normal  navigation  errors  (greater  than  13 
nmi)  that  occur  in  the  system  (while  .satisfying  thd  MNPS)  rather  than  by 
only  the  larger  blunder  type  errors.  The  assumptions  regarding  vertical 
overlap  are  significantly  more  important  in  this  cake,  thus  creating  ' 
reduced  confidence  in  estimates  of  composite  risk. 

The  direct  resolution  of  this  matter  is  to  obtain  performance  data 
on  the  height  sensing  ana  height  keeping  systems.  If  the  vertical  per¬ 
formance  is  found  adequate  to  maintain  a  low  level  of  overall  collision 
risk,  the  60-30  nmi  composite  separation  can  be  justified;  if,  however, 
the  performance  is  sufficient  to  support  a  reduction  to  1000  feet  above 
FL  290,  the  60-30  nmi  composite  alternative  becomes  unnecessary  and  un¬ 
desirable.  Another  way  60-30  nmi  composite  separation  might  be  justified 
would  be  by  improvements  of  lateral  performance,  including  reduced  inci¬ 
dence  of  large  deviations,  and  subsequent  amendment  of  the  MNPS  criteria. 
Hence,  MNPS  (Improved  or  I)  as  introduced  in  Table  4-1  with  allowance  for 
implementation  in  combination  with  improved  vertical  navigation  perfor¬ 
mance  or  separately  (ref.  2). 

The  introduction  of  an  airborne  separation  assurance  device  might 
also  support  the  implementation  of  a  60-30  nmi  structure  but  the  objec¬ 
tive  of  introducing  an  airborne  separation  assurance  device  also  might 
be  to  effect  a  reduction  of  lateral  separation  minima  to  30  nmi.  This 
would  be  a  more  cost  efficient  improvement  (from  the  fuel  saving  stand¬ 
point),  partially  because  it  is  applicable  to  the  whole  oceanic  area 
(meeting  the  prescribed  performance  requirements)  and  not  just  to  the 
OTS  and  possibly  other  route  structures. 
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Further  reductions  to  30  nmi  laterally  and  5  rain  longitudinally, 
smaller  values  of  these  minima,  and  to  1.000  ft  vertically  are  shown  in 
Table  4-1  to  require  one  sigma  navigation  accuracies  defined  by:  MNPS 
(I)  and  PS(I) ;  Super  MNPS  and  Super  PS;  and  MNPS  (Vertical  or  V),  res¬ 
pectively.  Super  MNPS  shall  be  referred  to  as  MNPS  (Advanced)  and  MNPS 
(V)  shall  be  referred  to  as  PS  (V)  in  the  remainder  of  this  text.  The 
PS(I)  and  Super  PS  are  assumed  to  be  compatible  with  the  MNPS  (Improved) 
and  MNPS  (Advanced),  respectively. 

MNPS  is  a  requirement  relating  to  the  overall  system  navigation 
performance  necessary  to  establish  a  60  nmi  lateral  separation  minimum 
(ref.  3).  This  requirement  includes  a  one  standard  deviation  (referred 
to  as  one  sigma)  of  lateral  track  error  of  less  than  6.3  nmi,  and  con¬ 
siderations  for  the  maximum  proportion  of  flight  time  that  aircraft  might 
be  30  nmi  or  more  from  the  cleared  track,  and  at  or  between  30  nmi  and 
70  nmi  from  the  cleared  track.  All  navigation  errors,  including  blunder 
errors  (i.e.,  errors  not  attributable  to  the  onboard  navigation  system, 
such  as  waypoint  insertion  or  other  pilot  associated  errors),  must  be 
included  in  the  determination  of  whether  MNPS  is  being  satisfied.  The 
MNPS  (Improved),  MNPS  (Advanced)  and  PS  (Vertical)  indicated  in  Table 
4-1  were  judged  by  the  Aviation  Review  Committee  to  be  improvements 
necessary  to  support  minima  reductions,  but  the  Committee  did  not 
quantitatively  define  accuracies  for  each.  The  accuracies  associated 
with  these  performance  improvements  affect  the  operation  of  other  func¬ 
tions,  such  as  dependent  surveillance  and  the  airborne  separation 
assurance  device.  Informal  discussions  held  by  the  FAA  addressed  the 
question  of  defining  the  one  sigma  values  and  concluded  that  reason¬ 
able  preliminary  estimates  of  about  3  nmi  one  sigma  and  1.3  nmi  one 
sigma  on-board  navigation  system  accuracies  might  be  appropriate  to  be 
associated  with  MNPS  (Improved)  and  MNPS  (Advanced),  respectively.  It 
was  considered  that  the  accuracy  associated  with  MNPS  (Improved)  might 
eventually  be  met  with  the  current  generation  of  navigation  system 
technology,  and  the  accuracy  associated  with  MNPS  (Advanced)  might  be 
met  with  newer  generation  systems,  such  as  laser  gyros  in  INS  and 
NAVSTAR/GPS.  MNPS  (Vertical)  one  sigma  accuracy  was  not  estimated,  but 
it  is  expected  to  be  addressed  within  a  vertical  separation  standards 
and  measurements  program  now  under  consideration  by  the  United  States. 

Note  that  the  one  sigma  accuracy  values  presented  in  the  preceding 
paragraph  are  provided  only  for  general  guidance,  and  that  rigid  and  ex¬ 
plicit  one  sigma  accuracy  values  for  MNPS  (Improved)  and  MNPS  (Advanced) 
were  not  agreed  upon.  In  fact,  MNPS  (Improved)  one  sigma  values  are 
expected  to  vary  depending  on  application.  That  is,  the  MNPS  (Improved) 
one  sigma  value  associated  with  a  60-30  composite  separation  may  well  be 
different  from  that  associated  with  a  30  nmi  lateral  separation  minimum. 
In  regard  to  the  30  nmi  minimum,  the  Aviation  Review  Committee  has  con¬ 
sidered  MNPS  (Improved)  one  sigma  accuracies  of  3  nmi  and  a  slightly 
larger  value  of  3.63  nmi,  subsequent  to  the  initial  estimates  described 
in  preceding  paragraph  (ref.  2). 


The  Aviation  Review  Committee's  consensus  indicates  that  there  are 
alternative  means  for  achieving  the  30  omi  and  smaller  lateral  minima 
and  5  min  and  smaller  loagitudina?.  minima-  Table  4~l  3hows  that  the  30 
nrai  lateral  minimum  might  be  accomplished  with  the  aid  of  dependent 
surveillance  (i.e.,  automatic  dependent  surveillance)  in  conjunction 
with  direct  pilot-to-controller  communications  and  MNPS  (Improved),  or 
with  the  aid  of  an  airborne  separation  assurance  device  (in  lieu  of 
automatic  dependent  sui-veil Lance. )  in  conjunction  with  single  sideband 
(SSB)  HF  voice  and  MNPS  ( improved) .  Further,  Table  4-1  shows  that  in 
order  to  achieve  a  5  min  longitudinal  separation  minimum,  MNPS  (Improved) 
and  direct  communications  along  with  either  automatic  dependent  surveil¬ 
lance  or  a  separation  assurance  device  might  be  required.  Also,  an  air¬ 
borne  separation  assurance  device  might  be  perceived  to  be  required  in 
conjunction  with  automatic  dependent  surveillance  to  support  the  30  nmi 
lateral  and  5  min  longitudinal  minima  (ref.  2). 

Table  4-1  shows  that  the  13  nmi  lateral  and  2  min  longitudinal 
minima  might  be  accomplished  with  Che  aid  of  independent  surveillance 
(i.e.,  cooperative  independent  surveillance)  in  conjunction  with  direct 
pilot-to-controller  communications  and  MNPS  (Advanced).  The  Aviation 
Review  Committee  determined  that  the  15  nmi  lateral  and  2  rain  longitu¬ 
dinal  minima  would  not  be  supported  by  automatic  dependent  surveillance 
(in  lieu  of  cooperative  independent  surveillance)  with  a  separation 
assurance  device  in  conjunction,  with  direct  pilot-to-controller  communi¬ 
cations  and  MNPS  (Advanced).  However,  the  Committee  did  not  explicitly 
rule  out  the  use  of  automatic  dependent  surveillance  with  an  airborne 
separation  device  to  support  ieso-than-30  nmi  lateral  and  less-than-5 
min  longitudinal  minima,  but  did  not  consider  the  possible  extent  below 
the  30  nmi  and  5  min  minima  to  which  this  alternative  might  be  applied 
(ref.  2). 

Automatic  dependent  and  cooperative  independent  surveillance  involve 
ATC  automation  and  direct  pilot-co-controller  communication  and,  hence, 
are  correlated  with  the  communication  requirements.  In  addition,  coop¬ 
erative  independent  surveillance  involves  the  ability  of  ATS  units  to 
determine  aircraft  horizontal  position  independently  of  onboard  position 
determination. 

The  surveillance  and  airborne  separation  assurance  device  improve¬ 
ments  are  associated  with  MNPS  (Improved)  and  MNPS  (Advanced)  require¬ 
ments.  Available  data  such  as  those  collected  as  part  of  the  current 
MNPS  program  do  not  define  navigation  errors  well  enough  to  draw  absolute 
conclusions  regarding  the  relationships  between  "large"  navigation  errors 
(i.e.,  errors  that  are  very  infrequent  and.  in  the  tails  of  the  navigation 
performance  distribution  curve)  and  the  exact  application  of  the  surveil¬ 
lance  and  airborne  separation  assurance  device  functions.  There  are 
indications,  however,  that  large  navigation  errors  are  primarily  due  to 
errors  other  than  those  due  to  onboard  navigation  system  accuracy  (ref. 
4,5).  The  potential  improvements  development  described  herein  assumes 
this  to  be  the  case.  The  application  ol:  the  communication,  surveillance 
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and  airborne  separation  assurance  functions  are  never  assumed  to  be  a 
substitute  for  adequate  navigation  system  performance,  but  are  intended 
primarily  to  prevent  potential  conflicts  due  to  large  navigation  errors. 

4.4  Potential  Improvements  Design  Requirements 

While  Table  4-1  describes  the  general  system  requirements  for  sup¬ 
porting  reduced  separation  minima,  more  detailed  requirements  infOrmatiOrt 
is  needed  to  guide  the  development  of  system  design  concepts.  Such  items 
as  surveillance  polling  rates,  potential  conflict  intervention  and  avoid¬ 
ance  rates,  and  communication  link  message  budgets  need  to  be  examined. 

In  the  following  paragraphs,  various  key  design  parameters  are  addressed 
for  the  automatic  dependent  surveillance,  cooperative  independent  sur¬ 
veillance,  and  airborne  separation  assurance  device  potential  improve¬ 
ments.  In  the  following  analyses,  the  30  nmi  and  5  min,  and  the  15  nmi 
and  2  min  lateral  and  longitudinal  minima  are  assumed  to  be  pairwise 
correlated  because  similar  technical  requirements  are  shown  to  be  neces¬ 
sary  to  achieve  each  minima  p«r-  ir  (see  Table  4—1).  These  assumptions  are 
supported  by  the  observation  that  the  2  min  longitudinal  minimum  is 
roughly  comparable  in  distance  (in  en  route  cruise  conditions)  to  the 
15  nmi  lateral  minimum,  and  the  5  min  longitudinal  and  30  nmi  lateral 
minima  are  similarly  comparable. 

4.4.1  Automatic  Dependent  Surveillance 

Technical  requirements  for  an  automatic  dependent  surveillance 
operation  have  been  developed  using  a  simple  model  first  presented  in 
reference  6  and  later  reformulated.  The  model  derives  surveillance 
polling  rates  assuming  that  onboard  navigation  data  can  be  automatically 
transmitted  to  ATC  facilities.  This  would  permit  controllers  to  monitor 
flights  more  closely  and  to  detect  and  correct  deviations  from  assigned 
position  and  course  due  to  navigation  errors. 

The  model  is  described  in  Appendix  C.  Salient  features  of  the 
model  are: 

•  The  type  of  error  chat  i/i  to  be  corrected  is  defined. 

•  The  events,  times,  and  geometry  of  the  correction  process 
are  described. 

•  The  scenario  for  transmitting  data  to  the  ground  from 
individual  aircraft  is  defined. 

0  The  oceanic  traffic  projected  for  the  year  2005  is  analyzed 
to  obtain  an  estimate  of  the  situations  that  would  require 
dependent  surveillance  and  the  amount  of  communications 
that  would  be  required  to  support  that  surveillance  as  a 
function  of  separation  minima. 
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The  last  point  was  necessary  because  the  model  assumed  that  aircraft 
operating  at  or  near  legal  separation  minima  must  be  monitored  more 
closely  than  other  aircraft-  Hence,  the  c'oncept  of.  "proximate  aircraft" 
(i.e.,  those  aircraft  within  a  specified  distance  of  each  other)  was 
introduced.  In  the  model,  a  polling  or  at rveil lance  interrogation 
update  rate  of  5  minutes  was  assumed  for  all  nonproximate  aircraft. 

The  model  was  used  to  examine  the  consequences  of  specific  polling 
rates  for  proximate  aircraft-  Polling  rate3  for  proximate  aircraft  of 
up  to  2  polls  per  minute  per  aircraft  were  considered  for  the  30  nmi/5 
min  case,  although  a  one-nunute  position  update  rate  might  be  adequate 
(see  Appendix  C,  Section  C-2).  To  provide  a  conservative  guideline  for 
the  design  of  the  network  UF  and  satellite  data  link  and  voice  systems 
described  in  Section  5,  data  rates  were  based  upon  the  higher  position 
update  rate  of  2  per  minute  for  proximate  aircraft  (see  Appendix  C, 
Section  C.3).  Note  that  the  simple  network  HF  data  link  and  voice  system 
described  in  Section  5  is  designed  assuming  an  average  position  update 
interval  of  5  minutes  for  all  aircraft. 

4.4.2  Cooperative  Independent  Surveillance 

The  only  currently  practical  system  improvement  capable  of  pro¬ 
viding  independent  surveillance  in  the  NAT  is  a  multiple  satellite 
communications  system.  Link  budgets  and  other  requirements  for  the 
satellite  data  link  and  voice  system  are  adequate  to  support  a  coopera¬ 
tive  independent  surveillance  function  (e.g.,  see  ref.  7  and  8).  The 
same  polling  rates  considered  for  the  dependent  surveillance  function  in 
the  preceding  paragraph  apply.  Such  a  system  could  have  a  better  posi¬ 
tion  determination  accuracy  (e.g. ,  1  nmi)  than  the  assumed  dependent 
surveillance  cases.  The  primary  differences  between  the  dependent  and 
independent  surveillance  satellite-based  systems  involve  the  positions 
and  number  of  satellites  used  and  the  type  of  hardware  that  must  be  used 
to  process  signals. 

4.5  Airborne  Separation  Assurance  Device 

Table  4-1  presents  an  airborne  separation  assurance  device  as  a 
potential  requirement  that  might,  by  itself  or  as  a  supplement  to  other 
potential  improvements,  permit  a  reduction  in  lateral  and  longitudinal 
separation  minima.  The  utilization  of  an  airborne  separation  assurance 
device  to  achieve  a  reduction  of  minima  would  require  acceptance  by  the 
aviation  community  of  the  projected  frequency  of  potential  collision 
avoidance  maneuvers. 

Analysis  of  the  behavior  of  collision  avoidance  devices  is  made 
difficult  because  their  characteristics  can  be  tailored  to  their  environ¬ 
ment.  Navigation  error  characteristics  and  traffic  flow  all  affect  the 
expected  number  of  collision  maneuvers  that  might  occur  using  an  airborne 
separation  assurance  device  for  collision  avoidance.  Estimates  of  the 
number  of  potential  collision  avoidance  maneuvers  that  might  occur  have 
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been  made,  baaed  on  current  traffic  flows  in  the  NAT,  for  several  alter¬ 
native  lateral  separation  minima  and  assumed  distributions  of  navigation 
errors.  Details  of  the  calculations  are  presented  in  Appendix  C. 

Figure  4-2  shows  estimates  of  collision  avoidance  maneuver  frequen¬ 
cies  that  might  occur  subject  to  the  assumptions  detailed  in  Appendix  C. 
The  number  of  alarms  expected  to  occur  in  the  entire  system  and  the 
reciprocal  (mean  time  between  alarms)  is  plotted  as  a  function  of  lateral 
separation  minimum.  Three  cases  are  plotted,  corresponding  to  several 
different  assumptions  regarding  the  size  and  type  of  navigation  efrofS. 

In  all  cases,  the  errors  were  assumed,  for  computational  convenience,  to 
have  a  probability  distribution  function  suggested  by  references  9  and 
10  and  discussed  in  Appendix  C. 

Each  set  of  parameters  corresponds  to  a  particular  set  of  assump¬ 
tions  about  NAT  navigation  error.  For  example,  the  first  and  second 
cases  plotted  in  Figure  4-2  correspond  to  the  assumptions  that  errors 
exactly  meet  the  criterion  (the  30  called  "zeta"  and  "eta").  In  the 
first  case  the  errors  were  assumed  to  rigorously  minimize  the  "eta" 
criterion  (the  criterion  that  the  proportion  of  total  flight  time  spent 
by  aircraft  30  nrai  or  more  off  track  shall  be  less  than  0.00053).  In 
the  second  case,  the  NAT/SPG  "zeta"  and  "eta"  parameters  specified  for 
the  NAT  were  used.  In  the  third  case  in  the  Figure,  navigation  errors 
which  appear  more  representative  of  errors  being  measured  in  the  NAT 
were  used  to  derive  a  set  of  parameters  for  analysis.  (Note  that  errors 
observed  in  the  NAT  must  be  less  than  those  used  in  the  first  two  cases 
to  permit  the  application  of  60  nrai  separations.) 

Note,  from  Figure  4-2,  that  alarms  for  30  nmi  separations  with 
current  system  traffic  flow  could  occur  at  the  rate  of  between  one  per 
year  and  one  every  week  or  so,  depending  on  navigation  error  assumptions 
used.  Similarly,  at  15  nmi  lateral  minimum,  the  frequency  range  for 
separation  alarms  varies  between  one-fifth  per  day  and  two  per  day.  The 
conclusion  drawn  is  that  the  alarm  rate  is  quite  sensitive  to  the  error 
characteristics,  of  which  sufficient  data  for  more  detailed  analysis  are 
not  available. 
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5.0  NAT  POTENTIAL  IMPROVEMENTS  AND  COSTS 


5.1  Introduction 

Many  potential  oceanic  improvements  depend  on  specific  subsystems 
to  perform  enhanced  functions  in  the  NAT.  This  section  briefly 
describes  those  subsystems  and  estimates  costs  associated  with  implemen¬ 
tation  and  operation  of  network  HP  and  satellite  data  link  and  voice 
conanunication  systems,  separation  assurance  devices,  altimetry,  and 
satellite-based  surveillance  systems.  These  estimated  subsystem  design 
characteristics,  capabilities,  and  costs  are  included  for  comparison  and 
for  evaluating  the  usefulness  of  major  system  design  changes.  If  one  or 
more  subsystems  appear  to  offer  specific  cost  benefits,  it  is  assumed 
that  a  refinement  of  the  system  design  would  be  considered  in  detail  by 
appropriate  authorities. 

5.2  Network  HF  Data  Link  and  Voice 
5.2.1  System  Overview 

Working  Group  B  of  the  Aviation  Review  Committee  has  postulated  an 
HF  data  link  and  voice  system  description  to  meet  the  polling  require¬ 
ments  defined  in  Section  4  (see  ref.  1).  This  system  is  designed  to 
minimize  the  effects  of  ionospheric  vagaries  by  providing  diverse 
frequencies  and  spacial  paths  for  propagation.  The  spacial  diversity  is 
an  automated  version  of  the  networking  procedure;  the  frequency  diver¬ 
sity  uses  "families”  of  frequencies,  with  a  continual  automated  proce¬ 
dure  to  sound  out  which  of  a  candidate  set  of  frequencies  offers  good 
propagation  characteristics  at  any  given  time.  Appendix  A  contains  a 
synopsis  of  the  Working  Group  B  description  of  this  network  data-link 
concept  along  with  additional  references  and  a  summary  description  of  a 
simple  network  HF  data  link  concept. 

The  potential  coverage  pattern  of  an  HF  system  is  shown  in  Figure 
5-1.  The  HF  system  is  depicted  schematically  in  Figure  5-2.  The  system 
has  the  following  characteristics: 

(1)  HF  ground  stations  (e.g.,  stations  currently  in 
existence  in  the  NAT)  are  tied  closely  together  by 
commercial  (e.g.,  satellite)  links. 

(2)  Two  ground  stations  (one  European,  one  North  American)  can 
act  as  master  controllers  for  the  entire  system.  Only 
one  would  function  as  a  master  controller  at  a  time. 
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POTENTIAL  COVERAGE  OF  THE  NETWORK 
HF  DATA  LINK  AND  VOICE  SYSTEM 


AT„C  Faciluy|  Ground  Station  4 


NETWORK  HF  DATA  LINK  AND  VOICE  SYSTEM  CONFIGURATION 


(3)  Each  ground  station  would  be  assigned  a  set  of 
frequencies  (e.g.,  a  family  of  up  to  eight  frequencies 
spanning  the  HF  band)  and  a  set  of  aircraft  to 
interrogate  using  its  transmitters.  This  set  of 
frequencies  can  be  altered  as  required  by  the  master 
station 

(4)  Each  ground  station  would  poll  designated  aircrdft  on 
all  frequencies  in  its  families  simultaneously. 

Polling  rates  could  be  as  frequent  as  once  every  30  seconds 
(possible  alternatives  could  be  once  dvery  1  minute  or  every  2 
minutes;  the  system  concept  design  is  based  on  once  every  30 
seconds)  for  aircraft  flying  near  each  other  or  approaching 
each  other  and  five  minutes  for  other  aircraft. 

(5)  Aircraft  would  be  assigned  a  family  of  frequencies, 

as  well  as  polling  and  reply  slots.  Aircraft  receivers 
would  cycle  through  the  range  of  frequencies  and 
determine  a  frequency  that  would  be  good  to  use  for 
replying  to  a  poll.  Approximately  every  10  seconds,  an 
aircraft  could  evaluate  an  alternative  frequency,  based 
on  the  quality  of  reception  of  the  polling  signal. 

(6)  Ground  stations  would  have  receivers  for  all  frequencies 
allowing  continual  monitoring  of  propagation  as  a  function 
of  spacial  position  relative  to  stations.  Families  of 
frequencies  could  be  reassigned  to  different  stations,  or 
aircraft  frequency  family  changes  could  be  made  when 
necessary  (e.g.,  several  times/day). 

Since  every  HF  ground  station  must  be  able  to  exchange  information 
with  the  master  stations,  lines  capable  of  1200  bit/  second  data 
transfer  that  interconnect  facilities  would  be  necessary  for  the  high¬ 
speed  (30-aecond)  polling  interval  (half  of  this  capacity  would  be  used 
for  control,  half  for  information  flow). 

The  HF  system  offers  the  possibility  of  using  equipment  already 
contained  in  existing  aircraft  avionics  installations  and  ground  sta¬ 
tions  to  accomplish  desired  communications.  Only  a  limited  number  of 
new  elements  would  need  to  be  added  to  the  existing  system.  The  HF 
propagation  medium  is  not  sufficiently  well  modeled  to  permit  detailed  a 
priori  estimates  of  the  reliability  or  predictability  of  the  HF  system. 
Further,  spectrum  availability  for  the  system  based  on  current  Interna¬ 
tional  Telecommunication  Union  (ITU)  regulations  may  not  be  completely 
adequate  to  support  the  system. 


42 


5.2.2  Airborne  Component 

Avionics  required  for  this  system  are  indicated  in  Figure  5-3. 
Estimating  the  cost  and  capabilities  of  the  avionics  requires  that 
several  major  areas  of  concern — all  related  to  timing  problems — be 
considered.  In  particular,  it  is  important  to  determine  how  often  the 
transmit  frequency  actually  would  be  changed  by  the  system,  the  length 
assigned  to  a  receive  cycle  in  which  a  system  must  evaluate  a  new 
frequency,  and  the  length  of  transmitted  message  types. 

These  timing  problems  affect  costs.  The  reliability  of  aircraft 
antenna  couplers  (both  existing  and  projected  new  technology  devices)  is 
based  on  tuning  occurrence  rates;  moreover,  transceivers  currently  in 
use  have  inherent  time  delays  due  to  automatic  gain  control  (AGC) 
circuitry  and  other  components  that  affect  the  time  required  to  process 
a  signal.  However,  it  appears  possible  to  configure  a  system  so  that 
the  transceivers  in  use  on  the  bulk  of  the  existing  fleet  can  support  an 
HF  data  system,  using  currently  installed  HF  couplers  and  Collins  628T 
or  newer  HF  transceivers  (618T  or  older  transceivers  are  not  assumed 
adequate  for  this  application). 

Avionics  costs  are  not  assumed  sensitive  to  the  data  rates  consid¬ 
ered  in  Section  4.  Because  they  are  highly  sensitive  to  assumptions 
about  the  usability  of  specific  equipment,  the  cost  of  several  alterna¬ 
tives  was  developed  (see  Table  5-1).  If  all  new  couplers  or  if  major 
transceiver  design  changes  were  needed,  per  unit  costs  for  existing 
aircraft  could  increase  by  some  $40,000  or  so.  Complete  design  and 
testing  of  prototype  avionic  installations  would  be  required  to  deter¬ 
mine  the  utility  of  current  avionics  to  a  new  HF  system. 

5.2.3  Ground  Stations 

Two  types  of  ground  stations  are  required  to  operate  the  HF  system: 
(1)  master  control  stations,  with  sufficient  computer  capacity  and  com¬ 
munications  to  coordinate  the  system,  and  (2)  air/ground  communication 
stations  that  operate  to  provide  path  diversity  (see  Figure  5-2). 

A  survey  of  the  current  ground  stations  (ref.  2)  has  shown  that 
existing  facilities  have  some  of  the  receiving  and  transmitting  equip¬ 
ment  required  to  implement  an  HF  data  system.  Antenna  configuration  and 
siting  remains  to  be  evaluated  in  the  context  of  a  specific  system 
design. 

For  cost  estimation  purposes,  it  was  assumed  that  two  of  the  exist¬ 
ing  ground  stations  currently  meet  propagation  requirements.  Further,  it 
was  assumed  that  two  ground  stations  would  require  complete  relocation 
and  one  would  require  partial  relocation.  The  ground  stations  are 
depicted  schematically  in  Figure  5-4.  No  existing  stations  were  specif¬ 
ically  identified  as  candidates  for  replacement  or  enhancement.  The 
Azores  represents  a  particularly  good  site  for  propagation  of  HF  signals 
to  NAT  traffic. 
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NETWORK  HF  DATA  LINK  AND  VOICE  SYSTEM  AIRBORNE  COMPONENTS 


Figure  5-4 

NETWORK  HF  DATA  LINK  AND  VOICE  SYSTEM 
AIR/GROUND  COMMUNICATION  STATION 


Table  5-1 


NETWORK  HF  DATA  LINK  AND  VOICE 
AVIONICS  SUBSYSTEM  COSTS  FOR  DUAL  UNITS 
(Thousands  of  1979  US  Dollars) 


Component 

Aircraft(5) 
with  628T  R/T 

Aircraft 
with  618  or 
older  R/T 

New  Aircraft 

Management 
unit  (two) 

37(3) 

37(3) 

37(3) 

Voice/data 
control  and 
display  units 

3 

3 

3 

R/Ts  (two) 

— 

20 

20  (2) 

Couplers 

antenna 

— 

- (1) 

20  (2) 

Installations 

3(4) 

3(4) 

3(4) 

Total 

43 

63 

83 

Notes 

(1)  If  faster  tuning  (e.g.  relay  type)  antenna  couplers  are 
required,  it  is  expected  that  these  will  cost  approximately 
$20,000  U.S.  (1979)  for  each  installation  and  all  aircraft 
would  be  required  to  have  them. 

(2)  These  elements  would  be  required  even  if  no  system 
improvements  were  postulated. 

(3)  These  costs  include  $20,000  for  two  very  sophisticated 
modems  and  coders,  chosen  as  strawmen  based  on  an  average 
of  very  low  and  very  high  conceivable  costs. 

(4)  Installation  costs  were  estimated  to  be  triple  those 
estimated  by  a  US  carrier  for  an  ACARS  installation. 

(5)  This  column  of  costs  represents  expected  incremental 
costs  for  installing  a  data  system.  Other  columns  are 
for  reference  purposes  only. 
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Available  bandwidth  may  pose  a  problem  for  these  ground  stations. 
Having  each  station  assigned  a  single  family  of  frequencies  for  constant 
use  until  propagation  conditions  require  reassignment  is  desirable. 
Stations  can  time  share  families  of  frequencies  by  transmitting  station 
identification  along  with  polling  requests.  Currently,  six  frequencies 
are  available  in  the  3,6,  and  8  MHz  bands,  three  in  the  11  MHz  band  and 
two  in  the  13  MHz  band  for  the  NAT  .  It  might  be  possible  to  use  the 
E-CAR  frequencies  in  each  of  the  3,3,6,9,11,  and  18  MHz  also#  If  only 
the  23  NAT  frequencies  are  used,  it  would  not  be  possible  to  avoid 
continually  time  sharing  frequencies.  It  would  be  desirable  to  have 
seven  or  more  frequencies  distributed  in  the  3  to  17  MHz  range  for  each 
station  plus  five  more  frequencies  for  a  total  of  approximately  40 
frequencies. 

Total  ground  station  costs  are  presented  in  Table  5-2. 

5.2.4  Summary  of  Network  HF  Data  Links  and  Voice  System 

The  cos ts  for  instituting  an  HF  communication  system  are  based  on 
implementation  of  such  a  system  by  the  year  1988.  It  is  assumed  that  a 
3-year  design  refinement  phase,  including  propagation  studies  and  gener¬ 
ation  of  specifications  achievable  between  1981  and  1983,  will  be 
carried  out.  It  is  assumed  that  the  HF  ground  network  portion  of  the 
system  is  constructed  between  1984  and  1987  with  testing  and  shakedown 
during  1987  and  1988. 

Table  5-3  estimates  yearly  costs  to  providers  for  building  and 
maintaining  a  ground  station  support  network.  Costs  are  derived  as 
follows:  A  $3,000,000  feasibility  program  involving  propagation  studies, 
testing  of  equipment,  and  derivation  of  detailed  specifications  for  all 
signal  formats  and  timings  is  developed  over  a  3-year  period  (1981-1983). 
System  engineering  is  estimated  to  be  $1,000,000  for  1983,  when  feasi¬ 
bility  studies  are  being  completed.  The  total  ground  station  cost  of 
$11,981,000  presented  in  Table  5-2  is  distributed  over  the  1984-1987 
period.  Testing  of  ground  stations  is  estimated  to  be  $500,000  for  the 
year  1987.  Yearly  maintenance  costs  are  based  on  a  staff  of  ten  tech¬ 
nicians  at  an  average  cost  of  $40,000  per  person  year.  Cost  of  data 
links  to  coordinate  network  communications  is  based  on  ten  duplex  links 
between  facilities  at  $10,000  per  month  per  link.  These  links  could 
effectively  offload  AFTN  data  from  other  links. 

User  avionics  costs  are  a  function  of  fleet  size,  which  currently 
totals  1,059  aircraft  (ref.  3).  Operators  using  the  NAT  are  expected  to 
equip  their  long-range  aircraft  so  that  maximum  operating  flexibility  is 
achieved.  Linear  growth  in  the  number  of  these  aircraft  between  1985 
and  2005  is  assumed.  The  projected  total  by  2005  is  1,959  aircraft,  a 
growth  rate  of  about  85%  in  accordance  with  the  projected  number  of  NAT 
flights  (ref.  4).  Figure  5-5  shows  the  assumed  fleet  size  as  a  function 
of  time.  « 
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Tabla  3-2 


NETWORK  HT  DATA  UNK  AND  VOICE 
CROUND  STATION  COMPONENT  COSTS  FOR  THE  NAT 
(Thouaanda  of  1979  US  Dollara) 


Coaponant  Nuabar  Unit  Coat 

Total  Coat 

Coaaant 

1-kw  HT 

tranaaittar 

dollara 

13 

25 

375 

equipaant  coat 

ranga  21  to  34k 

Tranaaictar 

ailticoupiera 

15 

5 

73 

Now  crane- 
■it Cara 
ancannaa 

15 

4 

60 

a.g.,  tan 
vartical  LFa,  tan 
conical 
aonopolaa 
(TCI  503) 

Racaivara 

aatiaacad 

150 

4 

600 

unit  coaca  aa 

by  UK  and  Canada 

Racaivar 

antannaa 

15 

15 

225 

a.g.,  TCI  612 

Racaivar 

aulticouplara 

15 

5 

75 

Coaxial  Cabla  40,000 

.002 

80 

Hierovava  R/T(2) 

10 

30 

300 

Hiacallanaoua 

Cast  aquipnent 

10 

50 

500 

For  each  aita 

Prinary  powar 

5 

100 

500 

Land  Praparation  bSlantennae) 

and  inatallacion  for  naw  antanraa 
exiating  and/or  now  aicaa 
axparianca 

14.3 

at 

986 

Includaa  ant anna 
inatallation  coata 
baaad  on  Canadian 

Land  (2.5  aicaa 
with  30  acraa/ 
aita) 

75  acrna 

5 

375 

Snail  procaaaora/ 
data  concancration 

12 

40 

480 

Larga  procaaaora 

4 

250 

1000 

Soft vara 

10,000  linaa 

.1 

1000 

Tanainal  •  with 

CRT/printar, 

kayboard 

40 

10 

400 

Modulacora 

90 

5 

4  50 

Danodulatora 

200 

10 

2,000 

Building 
(for  2.3  aitee) 

IS, 000  ft 

.1 

1500 

Syataa  Enginaaring 

2.3 

400 

1000 

Total  Fixad  Coata 

11981(1) 

(1)  Fixad  coaca  do  not  includa  preliminary  faaaibility  and 
ayataa  daaign  coaca  catiaacad  aC  S4, 000, 000. 

(2)  Thaat  art  linka  bacwatn  naarby  racaivar,  trananit, 

and  concrol  aicaa.  Satallita  link  rantala  of  10  incarnacional 
channala  at  an  annual  coat  of  1,200,000  dollara  alao  ara 
anticipated.  Thaaa  linka  will  carry  ATTN  traffic  alao. 
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Table  5-3 


NETWORK  HF  DATA  LINK  AND  VOICE 
PROVIDER  COSTS  FOR  IMPLEMENTING  AND  OPERATING  THE  GROUND 
STATION  NETWORK  FOR  THE  NAT 
(1979  US  Dollars) 


Ten 

Development  and  Ground  Station  Equipment  Maintenance  Interconnection 


Year 

Capital  Costs 

Costs 

Links 

1981 

1,000,000 

(feasibility  study) 

— 

1982 

1,000,000 

(feasibility  study) 

— 

1983 

2,000,000 

(feasibility  and  engineering) 

— 

1984 

2,995,000 

(ground  station  installation)(l) 

— 

1985 

2,995,000 

(ground  station  installation) 

200,000 

1986 

2,995,000 

(ground  station  installation) 

300,000 

1987 

3,495,000 

(ground  station  installation 

400,000 

1,200,000 

and  500,000  demonstration 
program) 

1988 

400,000 

1, 200*000 

1989 

400,000 

1,200,000 

1990 

400,000 

1,200,000 

1991 

400,000 

1,200,000 

1992 

400,000 

1,200,000 

1993 

400,000 

1,200,000 

1994 

400,000 

1,200,000 

1995 

400,000 

1,200,000 

1996 

400,000 

1,200,000 

1997 

400,000 

1,200,000 

1998 

400,000 

1,200,000 

1999 

400,000 

1,200,000 

2000 

400,000 

1,200,000 

2001 

400,000 

1,200,000 

2002 

400,000 

1,200,000 

2003 

400,000 

1,200,000 

2004 

400,000 

1,200,000 

2005 

400,000 

1,200,000 

Total 

16,480,000 

(1) 

Coats  of  Table  5-2  expended  over  4  years. 

Based  on: 

(1)  IATA  provided  figure  of  current  fleet 
size  assumed  constant  till  1985. 

(2)  Growth  of  aircraft  proportional  to 
flight  projections. 


Table  5-4  shows  user  cost  by  year.  It  has  been  assumed  that  in  the 
period  1985-1987  existing  aircraft  with  628T  or  newer  HF  transceivers 
are  equipped  with  the  components  specified  in  the  first  column  of  Table 
5-1.  In  these  and  subsequent  years,  all  new  aircraft  require  the  addi¬ 
tional  equipment.  The  cost  of  the  additional  equipment  is  estimated  to 
be  the  same  as  that  of  the  retrofits  because  new  aircraft  would  require 
HF  equipment  whether  or  not  new  systems  were  installed. 

The  estimated  annual  user  operating  costa  shown  in  Table  5-4  are 
obtained  from  the  avionics  maintenance  cost  estimates  presented  in  Table 
5-5,  which  are  cost  approximations  based  on  a  $1  per  hour  maintenance 
expense.  The  user  avionics  maintenance  costs  are  small  in  comparison 
with  other  system  operating  and  component  costs,  and  variations  to  the 
user  maintenance  cost  estimates  will  not  significantly  impact  system 
cost  comparisons. 

5.3  Satellite  Data  Link  and  Voice 

The  major  advantages  of  a  satellite  system  are  its  ability  to 
provide  the  required  grade  of  service  over  a  large  geographic  area,  its 
expandability  (given  allotted  aviation  bandwidth)  to  fulfill  all  antici¬ 
pated  aviation  communication  capacity  and  coverage  requirements,  and  its 
potential  to  perform  other  functions  such  as  independent  surveillance. 
The  primary  disadvantages  of  satellite  communications  are  potentially 
high  capital  costs  and  possible  institutional  problems  associated  with 
funding,  developing,  and  operating  a  satellite  system.  The  costs  of  a 
satellite  data  link  and  voice  system  are  a  function  of  costs  for  the 
ground  station,  satellite,  and  avionics.  Considerable  research  and 
development  in  the  satellite  area  has  been  conducted  in' the  past  20 
years  (e.g.,  ref.  5  and  6).  The  resulting  available  information  on 
systems  and  costs  was  put  together  specifically  for  the  several  satel¬ 
lite  system  concepts  defined  by  Working  Group  B  of  the  Review  Committee 
(ref.  7),  including  a  data  and  voice  and  a  voice-only  system.  Appendix 
B  contains  a  synopsis  of  the  Working  Group  B  description  and  references 
for  additional  supporting  technical  data. 

In  this  section,  the  satellite  data  link  and  voice  system  design  is 
described,  and  the  costs  for  this  design  and  a  data  link-only  design 
(both  based  on  L-band)  are  estimated. 

5.3.1  System  Overview 

The  satellite-based  air-ground  communications  network  is  designed 
with  adequate  capacity  to  meet  communication  requirements  defined  in 
Section  4.1.  The  coverage  of  such  a  system  from  a  single  satellite 
would  roughly  encompass  the  area  shown  in  Figure  5-6.  Such  a  satellite 
system  is  not  expected  to  preclude  the  need  for  aircraft  to  carry  HF  SSB 
avionics  in  the  future,  since  HF  will  be  needed  for  other  areas  of  the 
world.  Its  major  impact  on  HF  would  be  to  reduce  the  scale  (and  possi¬ 
bly  number)  of  existing  HF  ground  stations  to  a  size  typified  by  the 
two-operator  San  Juan  ARINC  facility  (ref.  2). 
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(2)  Added  HF  costs  only  for  34.62  aircraft/year. 


Table  5-5 


ESTIMATED  USER  AVIONICS  ANNUAL  OPERATING  (MAINTENANCE)  COST 


Year 


Annual  Coat 
(1979  $US  Thousands) 


1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 
1993 

1996 

1997 

1998 

1999 

2000 
2001 
2002 

2003 

2004 

2005 


951 

977 

1001 

1030 

1058 

1087 

1112 

1138 

1165 

1193 

1221 

1250 

1279 

1309 

1340 

1372 

1404 

1437 

1470 

1503 

1538 

1573 

1610 

1647 

1684 

1723 

1763 


Figure  5-6 

SATELLITE  DATA  LINK  AND  VOICE  SYSTEM, 

ESTIMATED  AREA  OF  COVERAGE  ACHIEVABLE  WITH  L-BAND  SATELLITE 


An  overall  representation  of  the  satellite  system  is  shown  in 
Figure  5-7.  A  baseline  system  using  L-band  frequencies  for  aircraft/ 
satellite  links  has  been  assumed,  but  variations  ih  the  configuration 
were  also  considered  (e.g.,  using  VHF  instead  of  L-band  for  the  air¬ 
craft/satellite  link).  In  Figure  5-7,  it  is  assumed  that  two  identical 
facilities  will  control  polling  of  aircraft  to  provide  institutional 
redundancy.  Other  ground  stations  can  receive  upliiik  and  downlink 
information  via  C-band  links* 

To  control  polling,  the  communication  control  centers  (CCCa)  must 
have  extensive  knowledge  of  aircraft  position  and  intentions.  The  two 
CCCs  must  coordinate  their  control  efforts  so  switchover  between  them  is 
possible  at  any  time.  In  addition,  any  aviation  facility  that  processes 
aircraft  into  or  out  of  oceanic  FIRs  must  be  able  to  communicate  with 
the  CCCs.  Much  of  this  information  flow  is  analogous  to  flow  now  being 
sent  over  the  AFTN.  The  C-band  channels  are  used  to  provide  the 
point-to-point  supportive  data  flows  and  would  displace  the  need  for 
some  of  that  AFTN  flow. 

The  overall  system  is  conceptually  simple.  Every  aircraft  in  the 
entire  coverage  area  would  have  a  unique  identificaton  code.  Relevant 
frequencies  are  defined  in  reference  3.  Aircraft  data  would  be 
requested  sequentially  using  a  single  L-band  channel  in  the  1545-1559 
MHz  band.  A  reply  would  be  issued  in  the  1646.5  to  1660.5  MHz  band 
using  one  or  more  channels.  The  aviation  C-band  frequencies  of  5000  to 
5250  MHz  or  a  commercial  band  would  be  used  to  carry  data  between  the 
satellite  and  ground  stations.  One  voice  channel  for  occasional  use 
would  be  included  in  the  system.  Voice  communications  would  also  be 
carried  on  a  residual  HF  communication  system. 

The  use  of  VHF  instead  of  L-band  is  possible  on  the  aircraft/ 
satellite  links.  However,  there  is  more  technical  uncertainty  asso¬ 
ciated  with  the  performance  of  VHF,  in  terms  of  multipath  signal 
characteristics,  aircraft  antenna  discrimination  of  multipath,  impact  of 
scintillation  fades,  and  possible  ground  generated  interference.  In 
addition,  aircraft  antenna  size,  installation,  and  costs  are  more  of  a 
concern  for  VHF. 

The  cos t  of  the  satellite/aircraft  data  channels  is  not  strongly 
influenced  by  the  differences  among  the  data  flow  requirement  alterna¬ 
tives  considered.  The  highest  data  rates  of  200  bits/second  from  ground 
to  air  and  700  bits/second  for  air  to  ground  are  considered  for  the 
design  of  the  satellite  system  (see  the  data  rate  requirements  developed 
in  Section  C.3  of  Appendix  C  and  summarized  in  table  C-9).  The  700 
bits/  second  might  be  contained  in  one  channel  or  several  subchannels. 

The  requirement  for  even  a  single  voice  channel  via  satellite  has  a 
considerable  impact  on  satellite  system  costs  due  to  the  need  for  higher 
continuous  power  levels  in  the  avionics  and  in  the  spacecraft.  Hence, 
technical  and  cost  information  has  been  specified  for  systems  with  and 
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Figure  5-7 

SATELLITE  DATA  LINK  AND  VOICE  SYSTEM  CONFIGURATION 


without  voice.  Channel  design  philosophy  can  significantly  affect  costs 
if  a  data  only  (no  voice)  system  is  considered.  The  voice  channel  has 
been  designed  for  low  utilization  (i.e.,  no  more  than  0.2  channel 
utilization  factor)  to  provide  ready  access. 

5.3*2  Space  Segment 

The  in-orbit  payload  represents  a  major  cost  factor  in  the  imple¬ 
mentation  of  a  satellite  system.  If  a  satellite  is  vital  to  the  ATC 
function,  both  a  primary  and  a  backup  satellite  payload  must  be  ill  orbit 
(in  separate  satellites)  and  a  completed  payload  must  exist  on  the 
ground. 

* 

On  the  basis  of  the  detailed  satellite  information  presented  in 
Appendix  B  and  ref.  7,  the  required  payload  for  a  satellite  to  provide 
data  link  only  or  data  and  a  single  voice  channel  would  be  much  smaller 
than  the  payload  for  which  satellites  and  launchers  are  typically 
designed.  A  data  only  system  proportion  of  a  payload  (including  trans¬ 
ponders,  power  supplies,  structure,  attitude  control,  etc.)  would  weigh 
about  69  kg,  while  a  data  and  voice  channel  proportion  of  a  payload 
would  weigh  about  115  kg.  This  would  be  a  small  proportion  of  a  typical 
payload  of  some  500  kg. 

Three  alternative  assumptions  have  been  considered  regarding  esti¬ 
mation  of  space  package  costs.  These  are  (1)  an  ideal  cost  sharing 
arrangement,  based  on  finding  an  available  spacecraft  whose  weight, 
power,  size,  orbital  position,  etc.,  would  all  complement  those  of  the 
aviation  space  segment  package  needs,  and  whose  owners  would  be  willing 
to  cost  share  accordingly,  (2)  a  less  than  ideal  sharing  arrangement  in 
which  the  aviation  community  might  have  to  share  perhaps  half  the  cost 
of  a  spacecraft,  or  (3)  the  launch  of  a  small  satellite  dedicated  to 
aeronautical  use  only.  This  last  option  is  not  currently  judged  to  be 
cost  effective  since  many  spacecraft  components  such  as  the  structure 
and  control  system  cannot  be  linearly  scaled  with  payload  size.  Hence, 
both  launch  and  development  costs  make  this  option  unattractive.  The 
first  assumption  was  used  for  estimating  the  cost  of  a  basic  system. 
Costs  of  the  second  and  third  options  can  be  inferred  from  sensitivity 
analysis  discussed  in  subsequent  sections  (see  Appendix  H). 

Assembling  a  satellite  package  does  not  pose  serious  technical 
problems.  However,  the  size  of  the  antennas,  the  duty  cycle  of  a  voice 
channel,  the  channeling  of  data  to  coordinate  ground  status,  and  other 
factors  would  affect  the  convenience  with  which  an  aviation  package 
could  be  shared  with  other  packages  and  hence  the  cost.  In  particular, 
VHF  antennas  would  be  larger  than  L-band. 

The  actual  costs  of  implementing  and  operating  the  in-orbit  com¬ 
munication  elements  include  development  and  production  of  satellites  (or 
portions  thereof),  pro-rated  launch  of  the  satellites  and  of  satellite 
station  keeping  and  telemetry.  Satellite  capability  on  the  ground  or  in 
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the  orbit  must  be  sufficient  to  assure  reliability.  For  costing  pur¬ 
poses  two  in-orbit  satellites  were  assumed  to  provide  adequate  redun¬ 
dancy  . 

Satellite  costs  can  vary  considerably  with  the  institutional  mech¬ 
anism  used  to  provide  the  space  segment  capability.  Costs  can  also  vary 
with  the  availability  of  compatible  spacecraft  partners  for  sharing 
vehicle  subsystems.  Table  5-6  shows  two  cost  estimates ,  both  Of  which 
were  obtained  assuming  near  optimum  payload  sharing  (i.e.,  no  excess 
capacity  purchased.)  One  set  was  based  on  the  assumption  thdt  histori¬ 
cal  cost  figures  could  be  interpolated  as  a  function  of  size  and  power 
(ref.  9,  10).  The  second  set  of  estimates  shown  in  the  table  was 
obtained  from  the  European  Space  Agency  (ref.  11),  subsequent  to  discus¬ 
sions  on  satellites  (ref.  12).  Further  cost  discussions  are  contained 
in  ref.  7  and  Appendix  H. 

5.3.3  Ground  Components 

Ground  components  can  have  a  variety  of  configurations.  Figure  5-8 
highlights  ground  station  configurations  for  master  stations.  Many 
physical  aspects  of  the  stations  can  vary  depending  on  institutional  and 
economic  considerations.  For  example,  radio  equipment  and  antenna 
dishes  might  be  owned,  leased,  or  shared  using  commercial  ground 
stations. 

Ground  station  hardware  is  well  developed,  and  all  necessary  hard¬ 
ware  can  be  procured  from  vendors.  However,  development  is  necessary  to 
integrate  ground  components,  to  create  software  to  control  and  channel 
input/output  displays,  and  to  design  procedures  for  routing  data  and 
control  between  facilities. 

In  Table  5-7  earth  terminal  costs  are  itemized.  It  is  assumed  that 
one  active  master  control  station  is  in  charge  of  communications  at  all 
times.  It  is  also  assumed  that  this  active  master  can  use  the  C-band 
links  to  send  to  interested  ATC  facilities  all  pertinent  actual  and 
planned  flight  information,  and  all  operating  parameters  required  for 
the  backup  master  control  station  to  take  over  polling  functions.  It  is 
further  assumed  that  data  required  to  conduct  polling,  such  as  aircraft 
identification  and  planned  routes,  can  be  entered  into  the  master  con¬ 
trol  station  via  C-band  links  from  other  ATC  facilities.  Total  data 
flow  to  the  satellite  from  the  active  master  would  require  a  2400 
bit/second  uplink.  Data  from  remote  facilities  to  the  master  station 
could  be  handled  at  a  lower  rate. 

5.3.4  Aircraft  Components 

To  operate  within  the  satellite-based  communication  system  postu¬ 
lated  here,  aircraft  would  have  to  carry  a  new  class  of  avionics, 
consisting  of  radio-related  equipment  operating  at  VHF  or  L-band,  and 
input  and  control  equipment  consisting  of  a  processor  to  concentrate 
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Table  5-6 


SATELLITE  DATA  LINK  AND  VOICE 
ESTIMATED  MINIMUM  SPACECRAFT-RELATED  COSTS  FOR  AN 
L-BAND  SATELLITE  COMMUNICATION  SYSTEM 
(Millions  of  1979  US  Dollars) 


Cost  Item 

All  Data 

Voice  and  Data 

Expenditure  Time 

Development 
cost  for 
payload  & 
interface 

min  3.7(1) 
max  5.25(2) 

min  6.2(1) 
max  8.0(2) 

Initial  cost 
(one  time) 

Recurring 

costs 

(payloads) 

1.4(1) 

2.3(1) 

3.3(2) 

Every  seven  years 

Launch  costs 
(shuttle) 

1.6(1) 

2.3(2) 

2.6(1) 

3.7(2) 

Every  seven  years 

Tracking, 
telemetry 
and  command 

.25 

.25 

Yearly 

(TTC) 


(1)  Cose  obtained  by  a  historical  comparison  of  weight  and  power 
requirements  with  other  systems  (ref.  9,  10). 

(2)  Cost  obtained  from  ESA. 


59 


Table  5-7 


SATELLITE  DATA  LINK  AND  VOICE 
ESTIMATED  GROUND  COMPONENT  COSTS 
FOR  TWO  SATELLITE  EARTH  STATIONS  FOR  THE  NAT 
(Thousands  of  1979  US  Dollars) 


Cost  Component  Number 

Unit  Cost 

Amount 

Comment 

4. 5-meter  Dishes 

4 

4.0 

16 

3-meter  also 
possible 

Up/down  converters 

8 

8 

64 

Modems 

8 

8 

64 

Preamps 

8 

1.2 

9.6 

Power  amplifiers 

8 

20.0 

160 

Large-scale 

processors 

4 

250 

1000 

Common 

processors  for 
both  stations 

Tested  and  debugged 
computer  software 
$100/ line 

10k 

lines  .1 

1000 

Common  to  both 
stations 

Terminals  with  CRT 
and  printers 

40 

10 

400 

As  per  Appendix  B 
description 

System  installation, 
integration;  building 
and  space  for 
computer,  radio  gear 

2 

100 

200 

Building  space  400  sq. 

meters 

1.0 

400 

Remote  earth 
stations 

4 

150 

600 

For  distribution 
of  A/G  data 
input  of  data  to 
polling 
algorithms 

Total 

3913.6 

Total  system 
maintenance 

400 

Yearly  charge 
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data  from  various  on  board  equipment.  Typical  input  would  be  pilot 
keyboard  entry,  ARINC  specification  429-3  data  busses  (ref.  13)  from 
miscellaneous  equipment,  flight  management  computer  system  data  as  per 
ARINC  characteristic  702-1  (ref.  14),  and  the  inertial  reference  system 
as  per  ARINC  characteristic  704-1  (ref.  13.  The  processor  would  buffer 
aircraft  data,  demodulate  and  decode  ground  signals,  and  select  and 
modulate  airborne  data  for  transmittal  to  the  ground.  Figure  5-9 
illustrates  the  required  equipment. 

Several  technical  issues  affect  implementation  of  the  radio  fre¬ 
quency  portion  of  the  avionics;  these  concern:  (1)  antenna  gains 
reasonably  achievable;  (2)  multipath  and  scintillation  problems;  and  (3) 
cost  or  technical  problems  inherent  in  building  L-band  power  ampli¬ 
fiers.  Since  significant  costs  are  associated  with  mounting  the 
amplifiers  far  from  the  antenna,  a  baseline  system  cost  was  estimated 
with  an  amplifier  located  near  the  antenna. 

The  costs  of  both  L-band  and  VHF  avionics  were  estimated  by  an 
avionics  manufacturer.  The  manufacturer's  VHF  estimates,  however,  did 
not  include  the  cost  of  an  antenna,  whereas  the  L-band  cost  estimates 
did.  VHF  antenna  costs  are  based  on  general  estimates  from  an  airframe 
manufacturer.  Estimated  costs  are  shown  in  Table  5-8.  Note  that  VHF 
costs  are  lower. 

The  costs  estimated  per  unit  are  not  expected  to  vary  significantly 
with  the  number  of  units  involved.  The  -number  of  dual  system  installa¬ 
tions  produced  would  vary  from  1,000  for  the  existing  fleet  up  to  2,000 
for  the  anticipated  fleet. 

Cost  of  installation  of  equipment  is  based  on  mounting  antenna  and 
cables  during  major  overhauls,  since  removal  of  interior  furnishing  and 
metal  work  will  be  required. 

5.3.5  Summary  of  Satellite  Systems 

Yearly  costs  associated  with  satellite  systems  have  been  calculated 
under  the  several  assumptions  discussed  in  Appendix  B.  Costs  are 
summarized  in  Table  5-9A.  It  is  assumed  that  a  2-year  $1, 500, 000  per 
year  effort  will  be  required  to  generate  specifications,  including 
antenna  and  noise  tests.  Development  of  a  satellite  payload  is  esti¬ 
mated  to  take  place  between  1983  and  1985,  at  a  cost  of  $7,600,000. 

Costs  for  satellite  and  launches  are  taken  as  an  average  of  cost 
estimates  shown  in  Table  5-6.  Ground  stations  are  assumed  to  be  devel¬ 
oped  over  4  years  with  their  costs  as  shown  in  Table  5-7  spread  evenly 
over  those  years.  Maintenance  costs  are  identical  to  those  shown  in 
Table  5-3.  An  initial  launch  is  assumed  to  take  place  in  1986  to  pro¬ 
vide  a  space  segment  for  component  verification.  A  spare  is  assumed  to 
be  built  at  the  same  time.  Another  launch  is  projected  for  1988.  The 
two  satellites  and  ground  stations  would  then  be  ready  for  general  vali¬ 
dation  of  system  performance.  Table  5.9B  shows  the  parallel  costs  for  a 
system  with  only  data  link  communications. 
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Management 


Figure  5-9 

SATELLITE  DATA  LINK  AND  VOICE  SYSTEM 
AIRBORNE  SEGMENT 


Table  5-8 


SATELLITE  DATA  LINK  AND  VOICE 
AVIONICS  SUBSYSTEM  COSTS  FOR  DUAL  UNITS 
(Thousands  of  1979  US  Dollars) 


Component 

L-Band ( 1 ) 

30  sec  polling 
With  voice 

L-Band(l) 

30  sec  polling 

No  voice 

VHF(2) 

30  sec  polling 
With  voice 

RF  equipment 

2  x  16  -  32 

2  x  8  -  16 

2  x  4.5  -  9 

Central  units 

2  x  8.5  -  17 

2  x  8.5  »  17 

2  x  8.5  -  17 

Antenna 

.5 

.5 

3.0 

Antenna 

installation  (3) 

1.2 

1.2 

1  2.0 

i 

Control  unit  and 
RF  installation 

.6 

.6 

.6 

Total 

51.3 

35.3 

31.6 

Other  costs 

Structural  analysis  and  certification  for  each  aircraft 
type:  50. 

Maintenance  on  any  system:  .001/flight  hour. 

(1)  L-Band  assumes  power  amplifier  mounted  near  antenna  to  minimize 
required  RF  power;  1  min  poll  has  no  significant  cost  decrease 

(2)  Not  considered  sensitive  to  poll  rate  or  voice  requirement 

(3)  Assumes  no  stringer  or  bulk  head  cutting  costs 


Table  5-9A 


SATELLITE  DATA  LINK  AND  VOICE 
PROVIDER  COSTS  FOR  IMPLEMENTING  AND  OPERATING 
THE  GROUND  AND  SPACE  SEGMENTS  FOR  THE  NAT 
(1979  US  Dollars) 


Ground 

Tracking,  Telemetry 

Year 

Satellites 

Stations 

Maintenance 

&  Command 

1980 

1981 

1,500,000 

(develop,  test,  spec.) 

1982 

1,500,000 

(develop,  test,  spec.) 

1983 

2,533,333 

1984 

2,533,333 

1985 

2,533,333 

978,400 

1986 

8,700,000 

978,400 

100,000 

(2  sate  Hits  including  ground  spare,  1  launch) 

1987 

978,400 

200,000 

1988 

5,700,000 

978,400 

400,000 

250,000 

(1  sat,  1  launch) 

1989 

400,000 

250,000 

1990 

400,000 

250,000 

1991 

400,000 

250,000 

1992 

400,000 

250,000 

1993 

5,700,000 

400,000 

250,000 

(1  sat,  1  launch) 

1994 

400,000 

250,000 

1995 

5,7 00,000 

400,000 

250,000 

(l  sat,  1  launch) 

1996 

400,000 

250,000 

1997 

400,000 

250,000 

1998 

400,000 

250,000 

1999 

400,000 

250,000 

2000 

5,7 00,000 

400,000 

250,000 

(1  sat,  l  launch) 

2001 

400,000 

250,000 

2002 

5,700,000 

400,000 

250,000 

(1  sat,  1  launch) 

2003 

400,000 

250,000 

2004 

400,000 

250,000 

2005 

400,000 

250,000 
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Table  5-9B 


SATELLITE  DATA  LINK  (WITHOUT  VOICE) 
PROVIDER  COSTS  FOR  IMPLEMENTING  AND  OPERATING 
THE  GROUND  AND  SPACE  SEGMENTS  FOR  NAT 
(1979  US  Dollars) 


Ground 


Year 

Satellites 

Stations 

Maintenance 

&  Conanand 

1980 

1981 

1,500,000 

(develop,  test,  spec.) 

1982 

1,500,000 

(develop,  test,  spec.) 

\ 

1983 

1,490,000 

1984 

1,490,000 

1985 

1,490,000 

978,400 

1986 

4,750,000 

978,400 

100,000 

(2  sats,  1  launch) 

1987 

978,400 

200,000 

1988 

3,350,000 

978,400 

400,000 

250,000 

(1  sat,  1  launch) 

1989 

400,000 

250,000 

1990 

400,000 

250,000 

1991 

400,000 

250,000 

1992 

400,000 

250,000 

1995 

3,350,000 

400,000 

250,000 

(1  sat,  1  launch) 

1994 

400,000 

250,000 

1995 

3,350,000 

400,000 

250,000 

(1  sat,  1  launch) 

1996 

400,000 

250,000 

1997 

400,000 

250,000 

1998 

400,000 

250,000 

1999 

400,000 

250,000 

2000 

3,350,000 

400,000 

250,000 

(1  sat,  1  launch) 

2001 

400,000 

250,000 

2002 

3,350,000 

400,000 

250,000 

(1  sat,  1  launch) 

2003 

400,000 

250,000 

2004 

400,000 

250,000 

2005 

400,000 

250,000 
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User  avionics  costs  are  a  function  of  fleet  size  and  fleet  use. 
These  were  discussed  in  Section  5.2.4  and  are  estimated  to  be  identical 
to  those  presented  in  that  section  based  on  comparable  cost  estimates. 

Avionics  costs  involve  retrofit  of  the  existing  fleet  with  trans¬ 
ceivers,  antennas,  and  other  components  between  1985  and  1987  at  a  cost 
of  $51,300  per  aircraft.  This  cost  assumes  retrofit  during  major  over- 
hduls.  New  aircraft  would  be  equipped  as  they  come  on  lind  at  the  rate 
of  34.62  aircraft  per  year  at  a  slightly  lower  cost  of  $50,000  per 
unit.  Table  5-10A  shows  these  costs.  Yearly  avionics  dperdtitig  costs 
assume  about  $1  per  aircraft  hour  of  oceanic  use.  Table  5-10B  shows 
similar  costs  for  a  data  link  only  system. 

5.4  Airborne  Separation  Assurance  Device 

5.4.1  Overview 

Self-contained  separation  assurance  devices  offer  a  potential 
method  of  operating  in  oceanic  airspace  with  reduced  separation  minima 
and  increased  operating  flexibility.  Prototypes  have  been  under 
development  (ref.  17-20).  Such  devices  might  be  mandated  in  some 
airspace  within  this  decade. 

5.4.2  Separation  Assurance  Device  (Airborne)  Costs 

The  costs  attributable  to  implementing  and  using  a  separation 
assurance  device  are  those  allocated  to  equipping  and  operating  aircraft 
with  such  devices.  For  cost  comparison  purposes,  the  device  costs  might 
be  totally  or  partially  allocated  to  providing  service  in  the  oceanic 
areas,  and  allocations  of  100  and  50%  of  total  costs  have  been  assumed. 
Testing  of  separation  assurance  devices  is  likely  to  be  accomplished  in 
a  domestic  environment,  but  analysis  and  demonstration  of  performance  in 
an  oceanic  environment  may  be  needed.  A  cost  of  $1,000,000  is  assumed 
to  cover  these  items. 

For  convenience,  per  unit  costs  are  based  on  the  BCAS,  which  was 
developed  by  the  FAA  to  be  compatible  with  separation  assurance  provided 
by  existing  radar  systems  and  the  discrete  address  beacon  system 
(DABS).  DABS  avionics  are  an  integral  part  of  the  BCAS  system  (for 
air-air  coordination  and  communication) ,  and  thus  the  associated 
avionics  are  being  designed  as  a  single  unit.  Table  5-11  presents 
sample  costs  (ref.  20),  which  assume  that  aircraft  would  carry  redundant 
systems  for  reliability.  For  cost  estimation  purposes,  it  is  assumed 
that  the  entire  oceanic  fleet  requires  only  omnidirectional  antennas. 

Tables  5-12  and  5-13A  and  5-13B  present  the  costs  by  year  of  an 
airborne  separation  assurance  device  implementation  based  on  a  100% 
allocation  of  user  capital  equipment  costs  to  oceanic  operations.  These 
costs  are  used  in  the  analysis  presented  in  subsequent  sections.  Fleet 
size  and  utilization  have  been  described  in  Section  5.2.4.  In  addition, 
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Table  5-10A 

SATELLITE  DATA  LINK  AND  VOICE 

USER  COSTS  FOR  AVIONICS  INSTALLATION  AND  OPERATION  FOR  THE  NAT 

(1979  US  Dollara) 


Total 

New  Fleet  Equip-  Equipment 

Tear  Retrofit  Coata  (1)  sent  Coat  (2)  Coat  Yearly  Uaer  Coat (3) 


1985 

21,648,600 

1,731,000 

23,379,600 

1,112,000 

1986 

21,648,600 

1,731,000 

23,379,600 

1,138,000 

1987 

21,648,600 

1,731,000 

23,379,600 

1,165,000 

1988 

0 

1,731,000 

1,731,000 

1,193,000 

1989 

0 

1,731,000 

1,731,000 

1,221,000 

1990 

0 

1,731,000 

1,731,000 

1,250,000. 

1991 

0 

1,731,000 

1,731,000 

1,279,000 

1992 

0 

1,731,000 

1,731,000 

1,309,000 

1993 

0 

1,731,000 

1,731,000 

1,340,000 

1994 

0 

1,731,000 

1,731,000 

1,372,000 

1995 

0 

1,731,000 

1,731,000 

1,404,000 

1996 

0 

1,731,000 

1,731,000 

1,437,000 

1997 

0 

1,731,000 

1,731,000 

1,470,000 

1998 

0 

1,731,000 

1,731,000 

1,503,000 

1999 

0 

1,731,000 

1,731,000 

1,538,000 

2000 

0 

1,731,000 

1,731,000 

1,573,000 

2001 

0 

1,731,000 

1,731,000 

1,610,000 

2002 

0 

1,731,000 

1,731,000 

1,647,000 

2003 

0 

1,731,000 

1,731,000 

1,684,000 

2004 

0 

1,731,000 

1,731,000 

1,723,000 

2005 

0 

1,731,000 

1,731,000 

1,763,000 

Total 

64,945,800 

36,351,000 

101,296,800 

(1)  422  aircraft/year  at  451,300  per  aircraft  for  3  years. 

(2)  34.62  new  aircraft  per  yeer  at  450,000  per  aircraft. 
Equipment  depreciation  over  20  years. 

(3)  Costs  calculations  based  on  4l/operating  hour. 


Table  5-1 OB 


SATELLITE  DATA  LINK  (WITHOUT  VOICE) 

USER  COSTS  FOR  AVIONICS  INSTALLATION  AND  OPERATION  FOR  NAT 
(1979  US  Dollars) 


Total 

New  Fleet  Equip-  Equipment  Yearly  User  Cost 


Year 

Retrofit  Costa  (1) 

ment  Cost  (2) 

Cost 

(3) 

1985 

14,896,600 

1,177,080 

16,073,680 

1,112,000 

1986 

14,896,600 

1,177,080 

16,073,680 

1,138,000 

1987 

14,896,600 

1,177,080 

16,073,680 

1,165,0 00 

1988 

0 

1,177,080 

1,177,080 

1,193,000 

1989 

0 

1,177,080 

1,177,080 

1,221,000 

1990 

0 

1,177,080 

1,177,080 

1,250,000 

1991 

0 

1,177,080 

1,177,080 

1,279,000 

1992 

0 

1,177,080 

1,177,080 

1,309,000 

1993 

0 

1,177,080 

1,177,080 

1,340,000 

1994 

0 

1,177,080 

1,177,080 

1,372,000 

1995 

0 

1,177,080 

1,177,080 

1,404,000 

1996 

0 

1,177,080 

1,177,080 

1,437,000 

1997 

0 

1,177,080 

1,177,080 

1,470,000 

1998 

0 

1,177,080 

1,177,080 

1,503,000 

1999 

0 

1,177,080 

1,177,080 

1,538,000 

2000 

0 

1,177,080 

1,177,080 

1,573,000 

2001 

0 

1,177,080 

1,177,080 

1,610,000 

2002 

0 

1,177,080 

1,177,080 

1,647,000 

2003 

0 

l,177f080 

1,177,080 

1,684,000 

2004 

0 

1,177,080 

1,177,080 

1,723,000 

2005 

0 

1,177,080 

1,177,080 

1,763,000 

Total 

44,689,800 

24,718,680 

69,408,480 

(1)  422  aircraft/year  at  $35,300  per  aircraft  for  3  years. 

(2)  34.62  new  aircraft  per  year  at  (34,000  per  aircraft. 


(3)  Maintenance  costs:  $1  per  use  hour 
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Table  5-11 


AIRBORNE  SEPARATION  ASSURANCE  DEVICE 
AVIONICS  SUBSYSTEM  COSTS  FOR  DUAL  UNITS 
(Thousands  of  1979  US  Dollars) 

BCAS  Avionics  (2) 

Installation 

System  with  omni 
antenna  only  (1) 

2  x  23  -  46 

5.6 

2.8 

(retrofit) 

(new) 

System  with  angle 
of  arrival  antenna 
(display  proximate 
aircraft  positions) 

2  x  27.5  -  55 

8.0 

(1)  System  will  use  existing  lower  beacon  antenna  and  an  additional 
antenna  would  be  added  to  the  top  of  the  aircraft. 

(2)  System  includes  the  cost  of  the  integrated  BCAS/DABS  avionics 
(used  as  a  model  for  costing). 


Table  5-12 


AIRBORNE  SEPARATION  ASSURANCE  DEVICE 
PROVIDER  COSTS  FOR  OCEANIC  AREA  DEMONSTRATION  FOR  THE  NAT; 
BEGIN  IMPLEMENTATION  IN  1990  (1) 

(1979  US  Dollars) 


Year 

Expenditure 

1982 

500,000 

1983 

500,000 

(1)  Note  chac  the  oceanic  environment  is  considerably  simpler  than 
terminal  or  high  density  airspace. 

Delay  expenditures  by  5  years  to  1987  and  1988  for  implementation 
in  1995. 
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AIRBORNE  SEPARATION  ASSURANCE  DEVICE 
USER  COSTS  FOR  AVIONICS  INSTALLATION  AND  OPERATION 
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(2)  34.62  aircraft  at  $48,800  per  aircraft 


Table  5-13B 
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(2)  34.62  aircraft  at  $48,800  per  aircraft. 


the  same  costs  with  only  a  502  allocation  to  oceanic  systems  is  consid¬ 
ered  in  later  sections.  Table  5-13C  presents  cost  by  year  for  a  502 
allocation  with  installation  in  the  years  1988  through  1990. 

Subsequent  to  the  aforementioned  cost  analysis,  the  BOAS  system 
concept  including  DABS  has  been  superseded  by  the  US  Traffic  Alert  and 
Collision  Avoidance  System  (TCAS)  concept.  The  BCAS-based  cost  esti¬ 
mates  are  representative  of  a  minimum  TCAS-II  capability  which  includes 
one  Mode  S  transponder  with  omnidirectional  top  and  bottom  antennae  (the 
cost  estimates  include  one  additional  antenna  for  the  retrofit  case), 
one  TCAS  unit  with  two  directional  antennae  (for  top  and  bottom),  and 
installation.  In  the  event  of  TCAS  unit  failure,  the  Mode  S  transponder 
could  still  be  used,  and,  if  both  fail,  an  existing  SSR  transponder  or  a 
backup  Mode  S  transponder  could  be  used  (but  costs  were  not  assumed  for 
a  Mode  S  transponder  for  the  retrofit  case). 

5.5  Altimetry 

5.5.1  Overview 

Aircraft  maintain  vertical  en  route  flight  profiles  by  reference  to 
barometric  altimeters.  Consideration  currently  is  being  given  to  under¬ 
take  a  study  to  assess  the  feasibility  of  using  existing  or  improved 
procedures  and  equipment  for  operation  with  reduced  minimums  (e.g., 
ref.  22).  Vertical  separations  of  2000  feet  are  used  globally  to 
provide  separations  between  aircraft  above  FL  290,  independent  of 
traffic  density  or  other  factors  involved  in  formalized  mathematical 
calculations  of  collision  risk  causes.  The  frequency,  magnitude,  and 
cause  of  vertical  errors  are  not  sufficiently  well  known  to  determine  - 
feasibility  of  reduced  separation  with  existing  equipment  or  to  estab¬ 
lish  minimum  operational  performance  standards.  Reference  22  suggests 
methodologies  for  collecting  data  and  indicates  that  Japan  has  an  on¬ 
going  effort  to  gather  data  and  the  Soviet  Union  has  ongoing  theoretical 
studies  associated  with  vertical  separation  reductions. 

For  oceanic  purposes,  several  conceivable  situations  are  possible: 

(1)  Current  systems  may  be  proved  capable  of  reduced 
vertical  separations,  globally  or  within  airspace  meeting 
MNPS  type  system  controls  and  qualifications. 

(2)  Existing  static-pressure  systems  might  be  improved  via 
alternative  installation  procedures,  better  calibration 
of  signals  in  air-data  computers,  and  other  methods  for 
use  in  global  or  prespecified  areas. 

(3)  Another  technology  such  as  radar  altimetry,  which  is 
currently  available,  might  be  used  to  provide  primary 
and/or  supplementary  guidance  in  oceanic  areas  (ref.  21). 
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(1)  Retrofit  458  aircraft  per  year  at  $51,600  per  aircraft. 


(4)  In  conjunction  with  (1)  through  (3)  above,  transmissions 
(similar  to  Mode  C)  might  be  made  via  mechanisms  (such  as 
data  link)  described  in  other  sections  to  detect  certain 
types  of  flight  technical  errors  (e.g.,  ref.  23). 

(5)  Autopilots  with  specified  vertical  hold  characteristics 
might  be  required. 

(6)  Altitude  alerting  devices  to  warn  of  diversions  from 
assigned  flight  level  might  be  required. 

Reduction  of  vertical  separation  is  of  great  interest  for  domestic 
as  well  as  oceanic  airspace.  Hence,  any  research  costs  related  to  the 
use  of  barometric  altimetry  guidance  nay  not  be  allocated  to  strictly 
"oceanic"  improvement  accounts.  The  cost  of  other  devices,  such  as 
radar  altimeters  which  are  of  utility  piimarily  to  oceanic  users,  would 
have  to  be  assigned  as  oceanic  improvement  costs. 

5.3.2  Sample  Cost  Items 

Possible  representative  costs  associated  with  undefined  improvement 
items  are  given  here  to  establish  sensitivities  of  improvement  cost  to 
benefits.  Such  costs  might  come  about  by  the  tise  of  specifically  cali- 
brated  static  systems  coupled  to  autopilots,  or  the  use  of  supplementary 
equipment  (e.g.,  radar  altimeters)  to  complement  barometric  altimetry  or 
other  improvements.  However,  no  specific  possibilities  can  be  identi¬ 
fied  at  this  time.  A  cost,  of  $6, 000, 000  is  assigned  to  performing  the 
research  associated  with  analysis  of  existing  system  errors  and  defining 
methodologies  to  assure  installation  accuracy.  A  cost  of  $50  per  air¬ 
craft  per  year  is  assigned  to  users  for  more  comprehensive  calibration 
of  equipment  (assumed  l  man  hour  of  additional  calibration  per  aircraft 
per  year).  A  $10,000  cost  per  aircraft  is  assigned  to  improvements  on 
old  aircraft  and  a  $5,000  cost  is  assigned  to  new  aircraft.  The  fleet 
size  of  Section  5.2.4  is  used  for  all  calculations.  Table  5-14  sum¬ 
marizes  the  resulting  yearly  costs. 

5.6  Cooperative  Independent  Surveillance  With 

Multiple  Satellite  Data  Link  and  Voice' 

5.6.1  Overview 

This  satellite  based  improvement  would  provide  cooperative  indepen¬ 
dent  surveillance  in  addition  to  air/ground  voice  and  data  communica¬ 
tions  capabilities.  Past  studies  have  shown  the  technical  feasibility 
of  implementing  satellite-based  surveillance  systems  (ref.  5).  Ground 
stations  using  various  signal  processing  techniques  can  determine  the 
position  of  aircraft  if  aircraft  respond  via  two  or  more  appropriately 
located  satellites  to  a  ground  station-originated  signal.  The  response 
would  contain  encoded  altitude  and  other  data.  Aircraft  antenna  gains; 
power  budgets,  and  other  parameters  are  within  the  same  ranges  as  have 


Table  5-14 


ALTIMETRY  SYSTEM  IMPROVEMENT 

USER  COSTS  FOR  AVIONICS  INSTALLATION  AND  OPERATION  FOR  NAT  (3) 

(1979  US  Dollars) 


User  Calibration 

User  New 

User  Yearly 

Provider 

and  Modification 

Equipment  Costs 

Maintenance 

Year 

Costs 

Costs  (1) 

(2) 

($50/Aircraf t) 

1981 

1,500,000 

1982 

1,500,000 

1983 

1,500,000 

1984 

1,500,000 

1985 

4,220,000 

173,100 

22,831 

1986 

4,220,000 

173,100 

45,662 

1987 

4,220,000 

173,100 

68,493 

1988 

173,100 

70,224 

1989 

173,100 

71,955 

1990 

173,100 

73,686 

1991 

173,100 

75,417 

1992 

173,100 

77,148 

1993 

173,100 

78,879 

1994 

173,100 

80,610 

1995 

173,100 

82,341 

1996 

173,100 

84,072 

1997 

173,100 

85,803 

1998 

173,100 

87,534 

1999 

173,100 

89,265 

2000 

173,100 

90,996 

2001 

173,100 

92,727 

2002 

173,100 

94,458 

2003 

173,100 

96,189 

2004 

173,100 

97,920 

2005 

173,100 

99,657 

Total 

/  •  \ 

6,000,000 

12,660,000 

3,635,100 

(1)  422  aircraft  per  year  at  $10,000  per  aircraft. 


(2)  34.62  new  aircraft  per  yea^  at  $5,000  per  aircraft. 

(3)  Sample  costs  for  demonstration  purposes  only. 


been  prescribed  for  Che  voice  plus  dace  link  syscems.  Hence,  costs  of  a 
surveillance  system  can  be  estimated  by  extrapolating  those  generated  in 
Section  5.3  for  a  satellite  voice  and  data  system. 

5.6.2  System  Costs 

A  cooperative  independent  surveillance  system,  in  contrast  with  the 
system  of  Section  5.3,  would  require  at  least  one  additional  satellite 
in  orbit,  i.e.,  two  for  surveillance  and  one  as  a  spare.  In  addition, 
ground  stations  would  require  equipment  and  software  to  process  signals 
from  satellites.  Airborne  equipment  might  require  diplexers  and  other 
hardware  to  support  such  a  system. 

Table  5-15A  presents  the  provider  cost  estimates  for  the  multiple 
satellites  data  link  and  voice  system.  This  table  differs  from  Table 
5-9A  in  the  inclusion  of  additional  cost  for  extra  satellite  packages 
and  launches  and  in  the  assumptions  that  an  additional  $2,000,000  of 
ground  station  equipment  would  be  required.  Table  5-15B  considers  the 
cost  of  a  delayed  satellite  surveillance  option  discussed  in  subsequent 
sections.  Table  5-16A  estimates  user  costs.  That  table  is  derived  in 
the  same  manner  as  Table  5-10  with  the  exception  that  an  additional  cost 
of  $5,000  per  aircraft  avionics  system  has  been  added  to  handle  precise 
timing  and  a  higher  quality  diplexer  cost.  Table  5-16B  shows  the  cost 
of  a  delayed  implementation  corresponding  to  Table  5-15B.  Tables  5-15B 
and  5-16B  reflect  implementation  associated  with  operation  of 
cooperative  independent  surveillance  starting  in  1995. 

5.7  Simple  Network  HF  Data  Link  and  Voice  System  Alternatives 

5.7.1  System  Overview 

Working  Group  B  developed  a  very  sophisticated  HF  system  described 
in  Section  5.2  to  provide  the  best  possible  chance  for  HF  to  meet 
performance  requirements  associated  with  reductions  of  separation  minima 
(see  Appendix  A  and  ref.  24).  To  gauge  the  extent  to  which  NAT  opera¬ 
ting  costs  might  be  reduced  with  a  less  complex  network  HF  data  link 
system,  a  simplified  system  was  designed  by  Working  Group  B.  The  simple 
network  HF  data  link  and  voice  system  is  designed  to  be  less  expensive 
than  the  network  HF  data  link  and  voice  system,  and  is  designed  to 
operate  within  the  existing  HF  frequency  allocations  with  a  growth 
potential  for  evolution  to  more  sophisticated  sounding  and  related 
operations. 

Costs  for  providing  the  simplified  HF  data  link  capability  without 
the  sophisticated  frequency  and  spacial  diversity  inherent  in  the  net¬ 
work  HF  data  link  and  voice  system  proposed  in  Section  5.2  are  estimated 
in  this  section.  Two  options  are  considered:  one  that  is  assumed  not 
to  support  a  reduction  of  separation  minima  to  30  nmi/5  min/2000  ft;  and 
one  that  is  assumed  to  support  such  a  reduction  after  an  evolutionary 
phase  without  minima  reduction.  Both  options  are  assumed  to  accomplish 


Table  5-15A 


COOPERATIVE  INDEPENDENT  SURVEILLANCE  WITH  MULTIPLE  SATELLITE 

DATA  LINK  AND  VOICE  (1) 

PROVIDER  COSTS  FOR  IMPLEMENTING  AND  OPERATING 
THE  GROUND  AND  SPACE  SEGMENTS  FOR  THE  NAT;  BEGIN  IMPLEMENTATION  1981 

(1979  US  Dollars) 


Ground 

Tracking, 

Year 

Satellites 

Stations 

Maintenance 

&  Coax 

1980 

1981 

1,500,000 

(develop,  test,  spec. 

) 

1982 

1,500,000 

(develop,  test,  spec. 

) 

1983 

2,533,333 

1984 

2,533,333 

1985 

2,533,333 

1,478,000 

1986 

14,200,000 

1,478,000 

100,000 

(3  sats  including  ground  spar£. 

2  launches) 

1987 

1,478,000 

200,000 

1988 

5,700,000 

1,478,000 

400,000 

250,000 

(1  sat,  1  launch) 

1989 

400,000 

250,000 

1990 

400,000 

250,000 

1991 

400,000 

250,000 

1992 

400,000 

250,000 

1993 

11,400,000 

400,000 

250,000 

(2  sat,  2  launches) 

1994 

400,000 

250,000 

1995 

5,700,000 

400,000 

250,000 

(1  sat,  1  launch) 

1996 

400,000 

250,000 

1997 

400,000 

250,000 

1998 

400,000 

250,000 

1999 

400,000 

250,000 

2000 

11,400,000 

400,000 

250,000 

(2  sat,  2  launches) 

2001 

400,000 

250,000 

2002 

5,700,000 

400,000 

250,000 

(1  sat,  1  launch) 

2003 

400,000 

250,000 

2004 

400,000 

250,000 

2005 

400,000 

250,000 

(1) 

This  table  is  provided  for  cost  information  only,  and 

not 

79 


Table  5-15B 


COOPERATIVE  INDEPENDENT  SURVEILLANCE  WITH  MULTIPLE  SATELLITE 

DATA  LINK  AND  VOICE 

PROVIDER  COSTS  FOR  IMPLEMENTING  AND  OPERATING 
THE  GROUND  AND  SPACE  SEGMENTS  FOR  THE  NAT  BEGIN  IMPLEMENTATION  IN  1986 

(1979  US  Dollats) 


r 

c. 

Ground 

Satellites  Stations 

Maintenance 

Tracking,  Telemetry 
&  Command 

J 

6 

1,500,000 

7 

8 

9 

0 

1 

(develop,  test,  spec.) 

1,500,000 

(develop,  test,  spec.) 

2,533,333 

2,533,333 

2,533,333  1,478,000 

14,200,000  1,478,000 

100,000 

2 

(3  sats  including  ground  spare, 

1,478,000 

2  launches) 
200,000 

3 

5,700,000  1,478,000 

400,000 

250,000 

4 

(1  sat,  1  launch) 

400,000 

250,000 

5 

400,000 

250,000 

6 

400,000 

250,000 

7 

400,000 

250,000 

8 

11,400,000 

400,000 

250,000 

9 

(2  SAT,  2  LAUNCHES) 

400,000 

250,000 

0 

5,700,000 

400,000 

250,000 

1 

(1  sat,  1  launch) 

400,000 

250,000 

2 

400,000 

250,000 

3 

400,000 

250,000 

4 

400,000 

250,000 

5 

400,000 

250,000 

Table  5-16A 


COOPERATIVE  INDEPENDENT  SURVEILLANCE  WITH  MULTIPLE  SATELLITE 

DATA  LINK  AND  VOICE  (4) 

USER  COSTS  FOR  AVIONICS  INSTALLATION  AND  OPERATION  FOR  THE  NAT; 

BEGIN  INSTALLATION  IN  1985 
(US  1979  Dollars) 


Year 

Retrofit  Costs  (1) 

New  Fleet  Equip¬ 
ment  Cost  (2) 

Total 

Equipment 

C08t 

Yearly  User  Cost 
(3) 

1985 

23,758,600 

1,904,100 

25,662,700 

1,112,000 

1986 

23,758,600 

1,904,100 

25,662,700 

1,138,000 

1987 

23,758,600 

1,904,100 

25,662,700 

1,165,000 

1988 

0 

1,904,100 

1,904,100 

1,193,000 

1989 

0 

1,904,100 

1,904,100 

1,221,000 

1990 

0 

1,904,100 

1,904,100 

1,250,000 

1991 

0 

1,904,100 

1,904,100 

1,279,000 

1992 

0 

1,904,100 

1,904,100 

1,309,000 

1993 

0 

1,904,100 

1,904,100 

1,340,000 

1994 

0 

1,904,100 

1,904,100 

1,372,000 

1995 

0 

1,904,100 

1,904,100 

1,404,000 

1996 

0 

1,904,100 

1,904,100 

1,437,000 

1997 

0 

1,904,100 

1,904,100 

1,470,000 

1998 

0 

1,904,100 

1,904,100 

1,503,000 

1999 

0 

1,904,100 

1,904,100 

1,538,000 

2000 

0 

1,904,100 

1,904,100 

1,573,000 

2001 

0 

1,904,100 

1,904,100 

1,610,000 

2002 

0 

1,904,100 

1,904,100 

1,647,000 

2003 

0 

1,904,100 

1,904,100 

1,684,000 

2004 

0 

1,904,100 

1,904,100 

1,723,000 

2005 

0 

1,904,100 

1,904,100 

1,763,000 

Total  71,275,800 

39,986,100 

111,261,900 

(1) 

422  aircraft/year  at 

$56,300  per  aircraft 

for  3  years. 

(2) 

34.62  new  aircraft  per  year  at  $55,000  per 

aircraft . 

(3)  Maintenance  costs:  $1  per  use  hour 

(4)  This  table  is  provided  for  cost  information  only,  and  not 
used  in  subsequent  cost  comparisons. 
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Table  5-16B 


i — 


n 

COOPERATIVE  INDEPENDENT  SURVEILLANCE  WITH  MULTIPLE  SATELLITE 

DATA  LINK  AND  VOICE 


***, 

USER  COSTS  FOR  AVIONICS  INSTALLATION  AND 

OPERATION  FOR 

THE  NAT; 

BEGIN  INSTALLATION  IN 

1990 

m 

(US  1979  Dollars) 

Total 

h  •  ■ 

y 

New  Fleet  Equip” 

Equipment 

Yearly  User 

(•  .  . 

:•  • 

Year 

Retrofit  Costs  (1) 

ment  Cost  (2) 

Cost 

(3) 

m 

1990 

27,024,000 

1,904,100 

28,928,100 

1,250,000 

1991 

27,024,000 

1,904,100 

28,928,100 

1,279,000 

\ 

1992 

27,024,000 

1,904,100 

28,928,100 

1,309,000 

\  * 

1993 

0 

1,904,100 

1,904,100 

1,340,000 

1994 

0 

1,904,100 

1,904,100 

1,372,000 

1995 

0 

1,904,100 

1,904,100 

1,404,000 

1996 

0 

1,904,100 

1,904,100 

1,437,000 

1997 

0 

1,904,100 

1,904,100 

1,470,000 

•  . 

1998 

0 

1,904,100 

1,904,100 

1,503,000 

1999 

0 

1,904,100 

1,904,100 

1,538,000 

2000 

0 

1,904,100 

1,904,100 

1,573,000 

B 

2001 

0 

1,904,100 

1,904,100 

1,610,000 

2002 

0 

1,904,100 

1,904,100 

1,647,000 

’  * 

2003 

0 

1,904,100 

1,904,100 

1,684,000 

2004 

0 

1,904,100 

1,904,100 

1,723,000 

2005 

0 

1,904,100 

1,904,100 

1,763,000 

Lrt 

Total  81,072,000 

39,986,100 

121,058,100 

*  . 

(1) 

480  aircraft/year  at 

$56,300  per  aircraft  for  3  years. 

» V  • 

■ 

(2) 

34.62  new  aircraft  per  year  at  $55,000  per  aircraft. 

• 

h  ;• 

(3)  Maintenance  costs:  $1 

per  use  hour 

E  -  " 

*.  • 

• 
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the  following  improvements:  (1)  provide  direct  pilot-to-controller 
communications,  (2)  increase  communication  reliability  (due  to  signal 
structure  and  coding  possibilities),  (3)  provide  a  basis  for  implement¬ 
ing  automatic  dependent  surveillance,  (4)  effect  better  airspace  utili¬ 
zation  and  increased  tactical  control  (through  improvements  (1)  through 
(3)  above),  and  (5)  reduce  the  level  of  labor  intdnsiveness  associated 
with  the  present  voice  based  system.  Both  options  are  assumed  to  have 
the  same  level  of  ATC  automation  and  display  hardware  implementation  Aft 
the  network  HF  and  satellite  data  link  and  voice  system  alternatives. 

The  only  difference  assumed  between  the  two  alternatives,  from  the 
system  design  and  operational  aspects,  is  that  the  one  without  separa¬ 
tion  minima  reduction  would  have  a  single  unit  avionics  installation, 
while  the  other  one  which  assumes  separation  minima  reduction  would  have 
a  dual  unit  installation  implemented  for  the  phase  with  minima  reduction, 
as  described  below  in  Section  5.7.2. 

For  the  simple  network  HF  data  link  and  voice  system,  it  has  been 
assumed  that  aircraft  operating  within  the  system  would  be  polled  once 
every  five  minutes  on  the  average  by  ground  stations  (versus  the  one 
position  report  per  approximately  40  minute  issued  by  aircraft  cur¬ 
rently).  Such  a  system  could  operate  within  some  of  the  timing  and 
other  conventions  developed  in  section  5.2.  Air-to-ground  and  ground-to- 
air  data  flow  requirements  for  such  a  system  are  developed  in  Appendix  C 
(see  tables  C-6,  C-7,  and  C-9). 

The  simplified  HF  system  was  designed  to  maintain  the  networking 
advantages  of  the  current  voice  system.  The  simplified  system,  however, 
would  require  far  fewer  new  ground  station  elements,  simplified  logic  in 
the  airborne  component,  and  fewer  communication  links  between  ground 
staions.  In  the  simplified  concept  two  master  control  stations,  one  on 
either  side  of  the  Atlantic,  would  monitor  and  control  the  system, 
including  the  assignment  of  particular  aircraft  to  particular  ground 
stations  and  frequencies.  Each  of  six  ground  stations  would  time  share 
a  family  of  five  frequencies. 

Since  only  a  single  unit  avionics  installation  is  assumed  for  the 
simple  network  HF  data  link  and  voice  without  separation  minima  reduc¬ 
tion  alternative  as  outlined  in  Section  5.7.2,  in  case  of  operational 
data  link  failure  or  severe  reduction  of  link  reliability  the  aircraft 
would  revert  to  SSB  voice  operation. 

Air-ground  voice  in  such  a  system  could  utilize  residual  SSB  facil¬ 
ities  and  operators.  The  costs  of  the  simple  system  are  estimated 
assuming  a  residual  SSB  radio  operator  staff  is  retained  for  occasional 
voice  communications.  It  is  estimated  that  present  levels  of  mainte¬ 
nance  staff  could  maintain  such  a  system  based  on  preliminary  discus¬ 
sions  with  ARINC  facility  personnel  operating  ACARs,  a  privately  opera¬ 
ted  VHF  air-ground  data  link  system  used  by  some  domestic  U.S.  airline 
companies. 
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5.7.2  Airborne  3yat.em 

Avionics  required  for  this  system  would  not  contain  the  sophistica¬ 
ted  logic  designed  into  the  more  complex  system  of  Section  5.2.  Costs 
of  such  avionics  have  been  estimated  based  on  information  obtained  from 
the  complex  HF  network  system  and  consideration  of  ACARs  avionics  costs. 
A  single  set  of  ACARs  avionics  was  estimated  to  cost  approximately 
$10,300  by  an  airline  experienced  with  installing  such  equipment  (refi 
25).  This  cost  was  based  on  estimates  of  $4,800  for  a  management  unit, 
$2000  for  a  control  display  unit,  $2000  for  a  printer  (which  i9 
optional),  $600  for  installation  materials  and  $900  for  installation. 

A  rough  estimate  of  simple  network  HF  airborne  system  costs  might 
be  made  by  adding  HF  modem  and  system  interconnect  costs  to  the  $10,300 
ACARs  costs.  An  HF  modem  is  estimated  to  cost  $10,000,  and  interconnec¬ 
tion  to  other  systems  such  as  an  INS  is  estimated  to  cost  about  $1,000 
in  additional  installation  costs.  A  total  rough  cost  estimate  of 
$21,300  results. 

In  previous  cost  estimates  of  avionics,  Working  Group  B  suggested 
that  all  essential  avionics  carried  in  air  transports  should  be  redun¬ 
dant.  Hence,  a  dual  installation  is  assumed  for  the  simple  HF  data  link 
and  voice  system  with  separation  minima  reduction,  which  brings  the  per 
installation  cost  to  $42,600,  a  cost  almost  identical  to  that  estimated 
in  Section  5.2  for  a  more  sophisticated  system.  Thus,  the  yearly 
avionics  costs  presented  in  Table  5-1  and  Table  5-4  are  assumed  to  apply 
to  the  simple  network  HF  system  with  separation  minima  reduction.  If 
the  system  is  not  vital  to  safety  and  if  residual  SSB  voice  were  con¬ 
sidered  to  provide  an  adequate  backup  to  a  simple  HF  data  link  and  voice 
system,  it  may  (at  least  initially)  be  reasonable  to  use  only  one  set  of 
avionics  per  aircraft.  Hence,  for  the  simple  HF  data  link  and  voice 
system  without  separation  minima  reduction,  only  a  single  unit  installa¬ 
tion  at  $21,500  per  installation  is  assumed  (i.e.,  half  the  costs  of 
Table  5-1  and  Table  5-4  which  is  almost  equal  to  the  $21,300  roughly 
estimated  in  the  previous  paragraph. 

5.7.3  The  Ground  Stations 

Tables  5-17A,  5-17B  and  5-17C  show  the  estimated  costs  of  the 
ground  components  that  the  simple  HF  data  link  and  voice  system 
alternatives  would  need.  These  costs  were  provided  by  Working  Group  B 
of  the  Aviation  Review  Committee  based  on  the  system  design  concept 
developed  by  the  group  and  summarized  in  Appendix  A. 

5.7.4  Summary  Simple  Network  HF  Data  Link  and  Voice  System 
Alternatives  Costs 

A  cost  of  $2,000,000  has  been  estimated  for  designing  a  comprehen¬ 
sive  system  and  drawing  up  specifications  for  airborne  and  ground 
equipments.  This  cost  assumes  that  a  design  is  carried  out  by  an 
average  of  10  persons  over  a  three  year  period  (1981,  1982,  1983). 
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Table  5-17A 


Simple  Network  HF  Data  Link  and  Voice  System 
Radio  Station  (Coat  Per  Station) 


ITEM 

QUANTITY 

UNIT 

TOTAL 

COST  (SOOO) 

COST  (SOOO) 

Transmitters  1  ( KW ) 

(ranotoly  controllable) 

3  ♦  1 

30 

120 

Transmit  Antennas 

• 

Log  Periodic  (Horizontally  Polarised) 

3 

30 

60 

Log  Periodic  (Rotable  as  Sackup) 

1 

30 

30 

Transmit  Antenna  Land  Preparation 
and  Installation 

Fixed 

3 

20 

60 

Rotatable 

1 

30 

30 

Transmit  Modem  (Coder  and  Modulator) 

1  ♦  1 

S 

10 

Transmit  Control  Processor 
(Includes  system  monitoring) 

1  ♦  1 

20 

40 

Line  Modems 

A  «•  2 

2 

12 

Receivers,  Remotely  Controllable 

5  ♦  1 

4 

24 

Receive  Multicouplers 

4 

5 

20 

Receive  Antennas 

Log  Periodic  (Fixed) 

3 

20 

60 

Log  Periodic  (Rotatable) 

1 

30 

30 

Receive  Antenna,  Land  Preparation 
and  Installation 

Fixed 

3 

20 

60 

Rotatable 

1 

30 

30 

Receiver  Modem  (Demodulators  and 
Oecoders) 

5  ♦  l 

10 

60 

Receiver  Processor 

i  + 1 

20 

40 

Clocks 

i  ♦  i 

2 

4 

Time  Code  Receivers 

i  ♦  i 

3 

6 

Fault  Monitoring  System  (Probes, 

Scanning  receiver,  A  to  0  Card, 

Control  Unit) 

i 

10 

10 

Power 

7  KW 

3/KW 

21 

Cable 

16,000 

0.002 

32 

Remote  Equipment  Switching 

1 

10 

•*'  10 

SUB  TOTAL 

“75T" 

TEST  EQUIPMENT  AND  SPARTS 'PtUT" 

115 

15* 

TOTAL 

ISP 

Not*:  Indicated  coats  are  considered  conaervative  (t.a.,  high)* 

Sourca:  Working  Group  B,  Aviation  Raviav  Conittaa. 
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Table  5-17B 

Simple  Network.  HF  Data  Link  and  Voice  System 
Master  Control  Station  (Cost  Per  Station) 


ITEM 

QUANTITY 

UNIT 

COST  (J000) 

TOTAL 

(COST  S000) 

Centra)  Processor  Unit 

2 

12? 

250 

Line  Modems 

6 

2 

12 

Clocks 

2 

2 

4 

Time  Signal  Receivers 

2 

3 

6 

Control  VOU 

2 

3 

6 

CRT  Terminal  for  local  and  remote 
fault  monitoring 

2 

3 

6 

Magnetic  disc  (Including  controller) 
Sub  Total 

1 

11 

11 

IK 

Equipment  switching,  spares  and  test 
equipment  etc.  15X  of  sub  total 

47 

357 

Note:  Indicated  coats  art*  coiveidarad  conservative  (i.a.,  high). 

Source:  Working  Group  B,  Aviation  Review  Committee 


Table  5-1 7C 

Simple  Network  HF  Data  Link  and  Voice  System 
Inter  Station  Data  Circuits 


LINK 

OllANTITY 

UNIT 

COST  (S000) 

TOTAL 

COST  S000) 

Prestwick  to  Shannon 

2 

4 

8 

Prestwick  to  Reykjavik 

2 

38 

76 

Prestwick  to  Santa  Marla 

2 

42 

84 

Prestwlk  to  Gander 

2 

120 

240 

New  York  to  Gander 

2 

40 

80 

San  Juan  to  Gander 

2 

70 

140 

Local  lines,  ATC  Centres  to 
Stations  and  Receiver  Sites 
Transmitter  Sites 

PER  YEAR 

Radio 

to 

TOTAL 

24 

0.5 

12 

tsto 

Source:  Working  Group  B,  Aviation  Review  Coanittaa 
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Existing  ground  stations  would  be  enhanced  in  1984,  1985,  1986  and  1987 
according  to  the  costs  shown  in  Table  5-17A  (i.e.,  $5,304,000  for  6 
ground  stations),  Table  5~17B  (i.e.,  $724,000  for  2  master  control 
stations),  and  Table  5-17C  (i.e.,  $640,000  per  year  for  maintenance).  A 
$200,000  demonstration  program  for  validating  system  behavior  is  assumed 
to  occur  in  1987.  These  costs  are  summarized  in  Table  5-18. 

Table  5-19A  summarizes  avionics  costs  of  the  Simple  HF  Data  Link 
and  Voice  Without  Separation  Minima  Reductions. 

Table  5-19B  summarizes  user  costs  for  a  Simple  HF  Data  Link  and 
Voice  System  With  Separation  Minima  Reduction  which  requires  dual 
avionics  installations.  These  costs  assure  that  single  units  are  placed 
in  aircraft  in  the  years  1985  through  1989  and  thence  dual  units  are 
installed.  Aircraft  that  had  single  units  installed  before  1990  are 
assumed  to  have  additional  units  added. 
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(3)  Operating  costs  calculated  at  $1  per  operating  hour. 


Table  5-19B 


SIMPLE  NETWORK  HF  DATA  LINK  AND  VOICE  WITH  SEPARATION  MINIMA  REDUCTION 
USER  COSTS  FOR  AVIONICS  INSTALLATION  AND  OPERATION  FOR  THE  NAT 

(1979  US  Dollars) 


Year 

Avionics  Cost  New  Aircraft  Cost 

Total  (ll/operating  hour) 

1985 

3,891,000(1) 

744,330(2) 

4,635,830 

1,112,000 

1986 

3,891,500 

744,330 

4,635,830 

1,138,000 

1987 

3,891,500 

744,330 

4,635,830 

1,165,000 

1988 

3,891,500 

744,330 

4,635,830 

1,193,000 

1989 

3,891,500 

744,330 

4,635,830 

1,221,000 

1990 

7,783,000(3) 

1,488,660(4) 

9,271,660 

1,250,000 

1991 

19,371,500  (5) 

1,488,660 

20,860,160 

1,279,000 

1992 

11,588,500(6) 

1,488,660 

13,077,160 

1,309,000 

1993 

1,488,660 

1,488,660 

1,340,000 

1994 

1,488,660 

1,488,660 

1,372,000 

1995 

1,488,660 

1,488,660 

1,404,000 

1996 

1,488,660 

1,488,660 

1,437,000 

1997 

1,488,660 

1,488,660 

1,470,000 

1998 

1,488,660 

1,488,660 

1,503,000 

1999 

1,488,660 

1,488,660 

1,538,000 

2000 

1,488,660 

1,488,660 

1,573,000 

2001 

1,488,660 

1,488,660 

1,610,000 

2002 

1,488,660 

1,488,660 

1,647,000 

2003 

1,488,660 

1,488,660 

1,684,000 

2004 

1,488,660 

1,488,660 

1,723,000 

2005 

1,488,660 

1,488,660 

1,763,000 

Totals  58,200,500 

27,540,210 

85,740,710 

(1) 

Retrofit  181  aircraft 

with  single  units  at  $21, 500/year 

• 

(2) 

Cost  for  single  unit 

installation  on 

34.62  new  aircraft 

• 

(3) 

Retrofit  181  aircraft 

with  dual  units 

at  $43, 000/aircraft. 

(4) 

Cost  for  dual  unit  installation  on  34 

.62  new  aircraft. 

(5)  Retrofit  181  aircraft  with  single  units  and  add  unit  to 
539  aircraft  already  fit  with  one  unit. 

(6)  Add  unit  to  539  aircraft  already  fit  with  one  unit. 
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6.0  NAT  USER  FLIGHT  COSTS 


6.1  Introduction 

The  user  flight  operations  and  maintenance  (0&M)  costs  correspond** 
ing  to  a  variety  of  assumed  separation  minima  in  the  NAT  are  estimated 
in  this  section.  These  costs  are  the  aircraft  fuel,  crew,  and  main¬ 
tenance  expenditures  of  flight,  excluding  the  avionics  improvement  cost# 
described  in  the  preceding  section.  The  cost  estimates  are  based  on 
results  obtained  from  the  Flight  Cost  Model  (FCM),  a  set  of  computer 
programs  prepared  especially  for  this  study.  The  FCM  has  been  validated 
by  the  Aviation  Review  Committee  as  a  tool  for  (1)  estimating  the  rela¬ 
tive  costs  among  alternative  system  configurations  (where  relative  costs 
are  the  direct  flight  cost  differences  associated  with  operating  dif¬ 
ferent  system  alternatives);  and  (2)  ranking  alternative  system  config¬ 
urations  as  to  their  potential  benefits  based  on  relative  costs.  The 
validation  was  based  on  a  comparison  of  FCM  results  with  actual  traffic 
statistics  specially  collected  for  a  selected  case  study  day  in  July 
1979. 


The  FCM  user  flight  cost  results  presented  in  this  section  will  be 
used  in  subsequent  sections  to  develop  and  compare  the  relative  costs  of 
the  various  potential  improvements.  The  data  presented  below  are 
extracted  in  part  from  a  companion  document  (ref.  1)  describing  the 
application  of  the  FCM  to  the  NAT  and  are  supported  by  additional  infor¬ 
mation  presented  in  Appendix  0.  The  FCM  model  structure  is  described  in 
ref.  2. 

6.2  Flight  Cost  Model  Application 

The  FCM  was  used  to  simulate  the  operation  of  the  present  NAT  ATS 
system  and  several  other  system  operating  alternatives  (representing 
alternative  separation  minima)  on  a  representative  July  (peak)  day  and  a 
representative  November  (off-peak)  day  in  1979,  and  with  traffic  fore¬ 
cast  for  the  years  1984  and  2005  (ref.  3).  The  July  sample  day  opera¬ 
tion  in  each  of  the  three  sample  years  was  simulated  for  the  various 
alternatives.  The  November  sample  day  in  each  year  was  simulated  only 
for  the  1979  base  case  system  (120-60  nmi/15  rain/2000  ft  separation 
minim.)  for  comparison  purposes.  (Note:  References  to  separation 
minima  are  relative  to  the  nominal  longitudinal  minimum  corresponding  to 
the  use  of  constant  Mach  number  technique;  e.g.,  the  60  nrai/10  min/ 2000 
ft  system  refers  to  the  10  min  longitudinal  separation  minimum  specified 
for  the  constant  Mach  number  technique.  In  all  runs  of  the  FCM,  the 
non-Mach  number  technique  separation  minimum  is  assumed  to  be  5  min 
greater  than  the  nominal  separation  indicated.  In  the  previous  example, 
a  15  min  minimum  is  applied  by  the  FCM  to  aircraft  not  qualifying  for 
the  Mach  number  technique  in  the  nominal  60  nmi/10  min/2000  ft  system. 
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FCM  input  statistics  were  baaed  on  data  describing  actual  opera” 
tions  obtained  for  the  July  1979  and  November  1979  sample  days  and 
forecasts  of  future  traffic  loadings.  The  sample  day  data  include: 
meteorological  information  (wind  speed  and  direction  and  temperature  by 
grid  and  altitude  based  on  computer  tapes  obtained  from  the  US  National 
Weather  Service);  traffic  distributions  by  origin-destination  airport 
pairs  flight  pattern,  departure  time,  and  aircraft  type  (obtained  from 
published  schedules  and  statistics  specially  provided  by  ATS  units); 
planned  landing  weights  (provided  by  airlines);  aircraft  fuel  burn/ 
weight/altitude  performance  relationships  (provided  by  airlines);  and 
fuel  price  and  aircraft  operating  cost  data  (provided  by  airlines,  user 
organizations,  and  published  material).  Although  the  July  1^7$  sample 
day  occurred  during  a  period  when  US  DC-10  aircraft  were  grounded,  the 
FCM  simulation  of  the  scheduled  traffic  included  all  DC-10  flights  that 
normally  would  have  been  flown  on  that  day;  hence,  the  FCM  results  were 
not  affected  by  the  DC-10  groundings.  The  fuel  prices  were  based  on  the 
price  reported  at  each  of  more  than  100  origin  airports  in  February  1979 
and  were  inflated  by  29%  to  represent  mid-1979  fuel  prices  in  the  FQi. 

The  FCM  simulated  the  various  types  of  flights  active  in  the  NAT 
upper  airspace  including  air  carrier,  military,  and  general  aviation 
flights.  As  part  of  the  simulation  process,  the  FCM  developed  minimum 
fuel  burn  flight  plans  for  each  flight  based  on  planned  landing  weight, 
weather,  route  constraints,  and  flight  performance  characteristics.  The 
FCM  then  tracked  each  flight  through  domestic  and  oceanic  airspace  from 
takeoff  to  landing,  modeling  aircraft  movement  and  potential  conflict 
resolution  actions  (i.e.,  diversions  and  delays),  and  estimated  the  fuel 
bum,  flight  time,  and  associated  fuel,  crew,  and  maintenance-accrual 
costs •  Representative  flight  performance  characteristics  for  the 
following  aircraft  classes  were  based  on  the  data  provided  by  airlines 
and  aircraft  manufacturers:  B747,  DC10,  L1011,  B707,  DC8,  B747SP,  B727 
and  two  proposed  future  aircraft — a  B747  stretch  (ST)  and  a  new  long 
narrow  body  (NEW1)  aircraft.  Flight  performance  characteristics  for 
certain  other  aircraft  including  air  carrier  (i.e.,  mostly  1L62  and  a 
few  VC10,  B720,  and  DC9  types),  military,  and  general  aviation  aircraft 
were  not  provided,  and  fuel  and  time  costs  for  these  aircraft  were  not 
estimated  by  the  FCM;  B707  and  B727  flight  performance  characteristics, 
as  appropriate,  were  used  to  simulate  the  flight  profiles  of  these 
noncosted  air  carrier  types  so  as  to  include  their  contribution  to 
system  traffic.  Flight  profiles  for  the  military  and  general  aviation 
aircraft  were  based  on  flight  strip  data.  The  daily  flight  cost  results 
produced  by  the  FCM  pertain  only  to  the  costed  flights  (i.e.,  excluding 
IL62,  VC10,  B720,  DC9,  military,  and  general  aviation  aircraft)  and 
therefore  are  slight  underestimates  of  the  air  carrier  direct  operating 
flight  expenses  for  fuel,  crew,  and  maintenance.  The  traffic  distri¬ 
bution  is  presented  in  Table  6-1  which  shows  an  85%  increase  in  costed 
traffic  between  1979  (656  flights)  and  2005  (1,219  aircraft)  and  a  78% 
increase  in  total  traffic  over  the  same  time  period  (728  versus  1,294 
flights). 


Table  6-1 


NAT  TRAFFIC  COMPOSITION,  JULY  SAMPLE  DAY 


Traffic  Loading 


1979 

1984 

2005 

Total  Number  of  Flights 

728 

822 

1294 

Air  Carrier 

94% 

95% 

97% 

Military 

4  % 

4% 

2% 

General  aviation 

2% 

1% 

1% 

Number  of  Air  Carrier  Flights 

685 

779 

1251 

Costed  air  carrier 

96% 

96% 

97% 

Number  of  Costed  Air  Carrier  Flights 

656 

751 

1219 

Wide  body  costed  air  carrier 

50% 

76% 

95% 

The  traffic  loading  data  is  based  on  growth  factors  developed 
by  the  traffic  forecasting  workshop  convened  by  the  Aviation 
Review  Committee  and  documented  in  reference  3.  Also,  see 
section  4.1  of  this  report  for  an  introductory  description  of 
the  area  and  traffic  flows  covered. 
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6.3  Overall  Coats — July  Sample  Day 

The  FCM  was  used  to  estimate  costs  for  three  modes  of  flight 
operation:  ideal,  planned,  and  actual  flight  plan  (i.e.,  routes  and 

altitude  profiles).  An  ideal  flight  path  is  simply  a  flight  plan  based 
on  domestic  route  and  altitude  restrictions  and  1000  ft  vertical  oceanic 
separation  minima  with  no  oceanic  route  restrictions;  in  effect,  the 
aircraft  is  assumed  to  fly  anywhere  it  wishes  in  oceanic  airspdCd 
subject  to  1000  ft  vertical  separation  minima.  The  FCM  ideal  flight 
mode  estimates  the  flight  costs  that  would  be  experienced  if  each 
aircraft  were  to  fly  an  approximately  optimum  flight  path  from  takeoff 
to  landing.  The  ideal  flight  mode  simulates  a  situation  in  which 
flights  are  constrained  by  domestic  routing  requirements  but  are  not 
constrained  by  OTS  routing  requirements  and  are  not  constrained  by 
lateral  and  longitudinal  separation  minima.  However,  because  of 
limitations  due  to  the  FCM  program  structure  and  data  input  compli¬ 
cations,  ideal  mode  flights  are  a33umed  to  fly  step-climb  profiles  (not 
cruise-climb)  subject  to  1000  ft  vertical  separation  requirements  and 
hemispheric-type  flight  rules.  The  hemispheric  rules  assume  alternating 
direction  of  flights  on  successive  1000  ft  flight  levels  (i.e.,  all 
eastbound  flights  are  separated  by  2000  ft  with  a  westbound  flight  level 
in  between). 

An  FCM  planned  flight  path  is  a  flight  plan  based  on  domestic  and 
oceanic  route  and  altitude  restrictions  with  no  ATC  intervention  due  to 
potential  conflicts.  The  FCM  planned  flight  mode  estimates  the  flight 
costs  that  would  occur  if  each  aircraft  were  to  follow  its  preferred 
flight  plan. 

An  FCM  actual  flight  path  is  a  flight  route  and  profile  resulting 
when  an  aircraft  attempts  to  fly  its  planned  flight  path  but  encounters 
congestion.  The  FCM  actual  flight  mode  estimates  the  costs  that  would 
be  experienced  in  the  real  world  where  separation  minima  are  applied  and 
standard  operating  procedures  are  followed.  The  actual  mode  assumes  that 
flights  would  be  diverted  or  delayed  to  resolve  potential  violations  of 
separation  minima. 

The  FCM  overall  NAT  cost  results  for  the  July  sample  day  are 
summarized  in  Table  6-2,  which  shows  the  estimated  daily  fuel,  crew,  and 
maintenance-accrual  cost  totals  for  all  costed  aircraft  for  each  system 
operating  alternative  in  each  sample  year.  The  corresponding  daily 
average  costs  per  flight  are  also  shown.  The  daily  cost  data  shown  in 
Table  6-2  are  in  1979  US  dollars  (i.e.,  1979  prices  are  assumed  in 
future  years).  For  comparison  purposes,  the  cost  data  shown  for  future 
years  do  not  include  inflation  effects  and  are  not  discounted  to  their 
1979  present  value. 

The  operating  alternative  designated  60  nmi/10  min/ 1000*  ft,  which 
represents  a  scenario  with  1000  ft  vertical  minimum  separation  in  the 
NAT  oceanic  area  and  2000  ft  elsewhere,  was  run  for  the  July  1979  sample 
day.  Cost  figures  shown  for  1984  and  2005  in  Table  6-2  and  subsequent 
tables  for  this  alternative  are  interpolations. 


FCM  DAILY  FLIGHT  COSTS,  JULY  SAMPLE  DAY 


i 
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1000  It  vertical  separation  minimum  in  oceanic  airspace,  2000  ft  elsewhere 
Constant  1979  $  US  excluding  inflation  and  discount  rate. 


The  ideal  flight  mode  results  show  that  the  theoretical  minimum 
daily  flight  cost  regardless  of  system  operating  alternative  is  US$  11.0 
million  in  1979  and  increases  to  $13.7  million  in  1984  and  $29.3  million 
in  2003.  The  increase  is  due  to  the  83%  increase  in  costed  traffic  over 
the  27-year  period,  as  well  as  a  change  in  fleet  mix.  The  wide  body 
aircraft  proportion  of  costed  traffic  increases  from  50  to  95%  over  the 
1979  to  2005  time  period  and  causes  the  ideal  daily  averagd  flight  cost 
to  increase  from  US$  16,770  to  24,060  per  flight  over  the  same  period* 

6.4  Theoretical  Cost  Penalties — July  Sample  Day 

The  planned  flight  mode  requires  aircraft  to  fly  established  tracks 
and  route  systems  in  areas  where  they  exist  and  random  tracks  elsewhere. 
The  resulting  planned  costs  are  affected  by  route  geometric  design 
constraints  due  to  lateral  and  vertical  separation  minima,  navigation 
aid  locations,  and  airspace  reservations,  as  well  as  by  the  procedures 
used  to  define  track  locations.  The  actual  flight  costs  include  the 
planned  costs  and  the  additional  costs  caused  by  necessary  ATC  inter¬ 
vention  (e.g.,  diversions  and  delays  including  refusal  of  step  climb 
requests). 

Because  the  lowest  flight  cost  attainable  is  that  represented  by 
the  ideal  cost,  the  cost  differences  between  the  ideal  cost  and  the 
actual  costs  represent  the  maximum  possible  cost  penalties  that  could 
theoretically  be  avoided  by  any  system  improvements.  These  cost  penal¬ 
ties  for  the  July  sample  day  are  shown  in  Table  6-3,  which  presents  the 
total  cost  difference  between  planned  and  ideal  costs  and  between  actual 
and  ideal  costs.  Recall  that  the  costs  shown  are  not  inflated  and  not 
discounted  for  comparison  purposes. 

The  Table  6-3  data  indicate  that  the  potential  daily  cost  differ¬ 
ences  associated  with  planned  costs  are  a  majority  of  the  total  flight 
cost  penalty.  For  example,  the  data  for  the  60  nmi/10  min/2000  ft 
system  in  1984  show  that  the  estimated  planned  daily  cost  difference 
(US$  134,000)  accounts  for  76  %  of  the  difference  ($176,000)  between 
ideal  and  actual  daily  costs.  The  planned  cost  proportion  of  the  actual 
daily  cost  penalty  ranges  from  66  %  for  the  1979  baseline  120-60  nmi/15 
min/2000  ft  to  88%  for  the  60  nmi/10  min/1000  ft  system  in  1979,  but 
accounts  for  a  lower  percentage  of  actual  costs  in  succeeding  years. 

Note  that  the  lowest  cost  penalty  in  each  year  is  associated  with  the 
1000  ft  vertical  separation  minimum. 

6.5  System  Cost  Comparison — July  Sample  Day 

The  impact  of  separation  minima  reduction  is  shown  in  Table  6-4, 
which  presents  the  difference  in  daily  flight  costs  between  the  base 
case  120-60  nmi/15  min/2000  ft  system  and  each  of  the  other  seven  system 
alternatives  for  the  July  sample  day.  The  planned  daily  flight  cost 
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inflation  and  discount  rate. 


FCM  DALLY  FLICHT  COSTS  RELATIVE  TO  60-120/15/2000  SYSTEM,  JULY  SAMPLE  DAY 
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vertical  separation  minimum,  in  oceanic  airspace, 
t  1979  $  US  excluding  inflation  and  discount  rate 


reductions  for  each  of  the  seven  alternatives  are  calculated  relative  to 
the  base  case  system  planned  cost;  the  actual  daily  cost  reductions  are 
calculated  similarly. 

The  allocation  of  cost  reductions  between  planned  Cost  and  actual 
cost  savings  reflects  the  impact  of  track  and  altitude  compaction  and 
longitudinal  separation  reduction,  respectively.  The  planned  daily 
costs  show  insignificant  reductions  from  implementation  of  the  60  nmi 
lateral  spacing,  regardless  of  longitudinal  separation.  The  60  nmi 
system  does  not  provide  as  dramatic  a  geometric  redesign  potential  rela- 
tive  to  the  base  year  120-60  nmi  cpmposite  system  as  do  the  30  nmi 
lateral  and  1000  ft  vertical  options.  The  redesign  potential  is  demon¬ 
strated  in  1984  by  the  $13,000  planned  daily  cost  reduction  relative  to 
the  60-120  nmi/15  min/ 2000  ft  when  lateral  spacings  are  halved  and  by 
the  $57,000  reduction  when  vertical  spacings  are  halved  everywhere. 
Changes  in  the  longitudinal  separation  minima  do  not  generate  planned 
cost  reductions. 

The  relationship  among  the  various  longitudinal,  lateral,  and 
vertical  separation  minima  simulated  is  demonstrated  by  successive 
reductions  in  actual  cost  as  separation  minima  are  reduced.  For  example, 
daily  cost  savings  range  from  $11,000  to  $107,000  in  1984  in  accordance 
with  separation  minima  reductions.  Of  the  various  system  operating 
alternatives,  the  60  nmi/10  min/1000  ft  system  shows  the  greatest  daily 
actual  cost  saving  in  each  year  ($83,000,  $107,000,  and  $260,000  in 
1979,  1984,  and  2005,  respectively).  In  general,  the  actual  daily  cost 
savings  achievable  by  halving  vertical  separations  are  greater  than 
twice  those  achievable  by  halving  lateral  separations.  In  all  cases 
where  lateral  and  vertical  separations  are  fixed,  some  cost  savings  are 
obtained  by  longitudinal  minimum  reduction.  However,  the  impacts  of 
longitudinal  reductions  are  proportionately  less  as  lateral  and  vertical 
minima  are  reduced. 

6.6  July  and  November  Daily  Cost  Comparison 

The  FCM  was  applied  to  a  November  sample  using  the  120-60  nmi/15 
min/ 2000  ft  as  a  basis  for  comparing  cost  magnitudes  by  year  with  those 
of  the  July  sample  day.  The  number  of  flights  in  each  November  sample 
day  is  68%  of  that  in  each  July  sample  day,  and  the  daily  cost  summed 
over  all  flights  is  correspondingly  less  than  in  July  as  shown  in  Table 
6-5.  The  November  1979  sample  day  flight  cost  is  74%  of  the  July  1979 
daily  cost;  this  proportion  reduces  to  66%  by  the  year  2005.  Unlike  the 
daily  cost  statistic,  the  daily  average  cost  per  flight  is  greater  in 
the  November  than  the  July  1979  sample  day.  This  increased  cost  per 
aircraft  in  November  versus  July  1979  is  attributed  in  part  to  the 
difference  in  the  daily  meteorological  condition  and  associated  OTS 
setting,  and  in  part  to  the  slight  difference  in  fleet  composition;  60% 
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Tabj e  6-5 

FCM  COST  COMPARISONS  FOR  NOVEMBER  AND  JULY  SAMPLE  DAY 
BASED  ON  60-120/15/2000  SYSTEM  OPERATION 


Sample 

Day 


Number  of 
Costed  Flights 


Daily 

Flight  Cost 
(Thousands  Of 
1979  US  Dollars) 


Daily  Average 
Flight  Cost 
Thousands  of  1979  US 
Dollars  per  flight) 


of  the  November  sample  day  coated  traffic  is  composed  of  widebody  air- 
craft  as  opposed  to  50%  in  July-  However,  by  the  year  2005  the  propor¬ 
tion  of  wide  body  aircraft  in  November  is  the  same  as  July  (i.e.,  95%), 
and  the  July  daily  average  coat  per  flight  becomes  greater  than  that  of 
November  due  to  congestion  penalty  costs. 

6.7  Annual  Flight  O&M  Costs 

The  daily  flight  O&M  costs  discussed  in  the  preceding  paragraphs 
were  derived  in  the  FCM  by  calculating  fuel  costs  separately  from  crew 
and  maintenance  costs  and  summing  the  two  components.  To  provide  an 
understanding  of  the  relative  magnitude  of  these  two  flight  O&M  cost 
components,  actual  average  annual  flight  costs  are  estimated  in  terms  of 
both  fuel  cost  and  crew  and  maintenance  cost  as  shown  in  Table  6-6. 

These  data  correspond  to  the  actual  costs  rather  than  the  ideal  or 
planned  costs  discussed  previously. 

Table  6-6  was  constructed  by  calculating  the  weighted  average  of 
the  actual  daily  cost  data  for  the  July  and  November  sample  days  for  the 
indicated  year  and  multiplying  the  weighted  average  day  by  365.  Since 
resources  limited  the  FCM  analysis  of  the  November  day  to  the  1979  year 
only  (recall  the  July  sample  day  was  analyzed  in  selected  future  years), 
the  November  1984  and  2005  sample  day  costs  were  extrapolated  propor¬ 
tionally  to  the  1979  relationship's  between  July  and  November  daily 
costs.  The  extrapolated  November  daily  costs  were  used  to  determine  the 
weighted  average  annual  costs  shown  in  Table  6-6.  The  July  versus 
November  weightings  were  based  on  the  reported  annual  distribution  of 
traffic.  As  explained  in  Appendix  D,  the  calculation  of  average  annual 
costs  assigns  a  weighting  of  35%  to  the  July  sample  day  costs  and  65%  to 
the  November  sample  day  costs. 

The  data  in  Table  6-6  shows  that  the  user  total  annual  flight  costs 
are  enormous  and  increase  with  traffic  growth.  Total  annual  costs  range 
from  almost  $3,400  million  in  1979  to  over  $8,400  million  in  2005.  How¬ 
ever,  the  total  costs  shown  for  each  system  alternative  in  any  one  year 
do  not  vary  as  dramatically.  Although  the  cost  differences  between  the 
system  alternatives  account  for  a  small  percentage  of  the  total  costs  in 
any  one  year,  these  differences  are  quite  large  in  absolute  dollar  value 
and  therefore  very  important  to  the  users.  For  example,  an  annual  cost 
difference  of  nearly  24  million  in  uninflated  1979  US  dollars  is  shown 
in  Table  6-6  between  the  60  nmi/10  min/2000  ft  and  60  nmi/10  min/1000  ft 
operation  in  1984.  The  fuel  cost  component  accounts  for  virtually  all 
of  the  total  cost  difference,  because  the  cost  changes  attributable  to 
crew  and  maintenance  are  insignificant  in  any  one  year. 

The  annual  flight  O&M  costs  for  each  year  in  the  1979  to  2005  study 
period  for  each  separation  minima  operating  alternative  were  estimated 
by  interpolation  from  the  data  presented  in  Table  6-5.  A  special  FCM 
simulation  of  the  base  case  120-60  nmi/15  min/2000  ft  operation  for  the 
July  1995  sample  day  augmented  the  estimation  process.  The  interpola¬ 
tions  were  calculated  using  a  non-linear  compound  growth  function  as 
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explained  in  Appendix  D.  The  resulting  estimated  annual  fuel  and  crew 
and  maintenance  costs  are  shown  in  Table  6-7,  which  lists  the  flight 
costs  that  would  be  incurred  if  each  system  were  in  operation  in  the 
indicated  year. 

Table  6-7  also  includes  cost  data  for  a  number  of  separation  minima 
alternatives  (i.e.,  60  nmi/5  min/2000  ft,  60  nmi/2  min/2000  ft,  60-30 
nmi/10  min/2000  ft,  30  nmi/2  min/2000  ft,  15  nmi/10  min/2000  ft,  15 
nmi/5  min/2000  ft,  and  15  nmi/2  min/2000  ft)  that  were  not  simulated  by 
FCM.  These  non-FCM  cost  data  were  estimated  by  interpolation  of»  AS 
warranted,  extrapolation  of  the  cost  data  derived  from  eight  cases 
analyzed  by  FCM.  The  estimation  procedures  are  described  in  Appendix 
D.  The  additional  separation  minima  alternatives  shown  in  Table  6-7 
were  selected  because  they  were  considered  necessary  for  the  cost 
analysis  of  the  potential  system  improvements  or  for  general  interest 
and  future  reference  as  necessary. 
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Table  6-7 

NAT  ANNUAL  USER  FLIGHT  O&M  COST  ESTIMATES 
(Millions  of  1979  US  Dollars) 


120-60n»l/15«la/ 2000ft 


60nnl/15mln/ 2000ft 


60nal/10aln/2000f t 


Crew  &  Crew  &  Crew  & 


Year 

Fuel 

Maine. 

Total 

Fuel 

Maint. 

Total 

Fuel 

Maint. 

Total 

1979 

2168.47 

1203.41 

3371.88 

2165.18 

1204.50 

3369.68 

2161.90 

1203.04 

3364.94 

1980 

2263.32 

1241.44 

3504.76 

2259.83 

1242.54 

3502.37 

2256.48 

1241.20 

3497.66 

1981 

2362.31 

1280.68 

3642.99 

2358.62 

1281.77 

3640.39 

2355.19 

1280.58 

3635.77 

1982 

2465.64 

1321.15 

3786.79 

2461.73 

1322.25 

3783.98 

2458.22 

1321.20 

3779.42 

1983 

2573.48 

1362.91 

3936.39 

2569.34 

1364.01 

3933.35 

2565.76 

1363.11 

3928.87 

1984 

2686.04 

1405.98 

4092.02 

2681.66 

1407.08 

4088.74 

2678.01 

1406.35 

4084.36 

1985 

2791.75 

1453.63 

424S.38 

2787.23 

1454.74 

4241.97 

2783.44 

1453.98 

4237.42 

1986 

2901.63 

1502.90 

4404.53 

2896.96 

1504.01 

4400.97 

2893.03 

1503.22 

4396.25 

1987 

3015.83 

1553.84 

4569.67 

3011.01 

1554.95 

4565.96 

3006.93 

1554.14 

4561.07 

1988 

3134.52 

1606.50 

4741.02 

3129.54 

1607.62 

4737.16 

3125.31 

1606.77 

4732.08 

1989 

3257.88 

1660.95 

4918.83 

3252.75 

1662.07 

4914.82 

3248.36 

1661.19 

4909.55 

1990 

3386.10 

1717.25 

5103.35 

3380.80 

,1718.37 

5099.17 

3376.25 

1717.45 

5093.70 

1991 

3519.37 

1775.45 

5294.82 

3513.90 

1776.57 

5290.47 

3509.17 

1775.62 

5284.79 

1992 

3657.88 

1835.63 

5493.51 

3652.23 

1836.74 

5488-97 

3647.33 

1835.76 

5483.09 

1993 

3801.84 

1897.84 

5699.68 

3796.01 

1896.95 

5694.96 

3790.92 

1897.93 

5688.85 

1994 

3951.46 

1962.17 

5913.63 

3945.46 

1963.27 

5908.73 

3940.17 

1962.21 

5902.38 

1995 

4106.98 

2028.67 

6135.65 

4100.78 

2029.77 

6130.55 

4095.30 

2028.67 

6123.97 

1996 

4243.22 

2091.47 

6334.69 

4236.88 

2092.60 

6329.48 

4231.19 

2091.44 

63,22 .63 

1997 

4383.98 

2156.21 

6540.19 

4377.50 

2157.37 

6534.87 

4371.58 

2156.15 

6527.73 

1998 

4529.40 

2222.95 

6752.35 

4522.79 

2224.15 

6746.94 

4516.64 

2222.86 

6739.50 

1999 

4679.65 

2291.76 

6971.41 

4672. yo 

2293.00 

6965.90 

4666.51 

2291.64 

6958.15 

2000 

4834.89 

2362.70 

7197.59 

4b2y.99 

2363.97 

7191.96 

4821.35 

2362.55 

7183.90 

2001 

4995 . 27 

2435.84 

7431.11 

4988.22 

2437.15 

7425.37 

4981.33 

2435.64 

7416.97 

2002 

5160.98 

2511.24 

7672.22 

5153.78 

2512.58 

7666.37 

5146.62 

2511.01 

7657.63 

2003 

5332.18 

2588.98 

7921.16 

5324.83 

2590.36 

7915.19 

5317.39 

2588.70 

7906.09 

2004 

5509.06 

2669.12 

8178.18 

5501.56 

2670.54 

8172.10 

5493.83 

2668.80 

8162.63 

2005 

5691.81 

2751.74 

8443.55 

5684.15 

2753.20 

8437.35 

5676.12 

2751.37 

8427.49 
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Table  6-7  (Continued) 


60nai/5ala/2000f C 

- -  T 

-  60nml/2mtn/ 2000ft 

60-30  nml/10  min/ 7.000  fr 

Fuel 

Crew  & 
Maine. 

Total 

Fuel 

Crew  4 
Malnt . 

Total 

Fuel 

Craw  & 
Malnt. 

Total 

1 81T 

1979 

2159.30 

1202.81 

3362.11 

2157.41 

1202.21 

7360.12 

2159.60 

1203.70 

3363.30 

1980 

2253.73 

1240.93 

3494.66 

2257.31 

1240.28 

3492.59 

2254.33 

1241.62 

3495.95 

1981 

2352.30 

1280.26 

3632.56 

2350.04 

279.56 

3630.40 

2353.22 

1280.72 

3633.94 

1982 

2455.17 

1320.84 

3776.01 

2453.68 

1320.08 

3773.76 

2456.45 

1321.07 

3777.52 

1983 

2562.55 

1362.70 

3925.25 

2561.02 

1361.88 

3922.90 

2564.20 

1362. b8 

3926.88 

1984 

2674.62 

1405.89 

4080.51 

2673.06 

1405.01 

4078.07 

2676.68 

14 ok . 60 

4082.28 

1985 

2779.90 

1453.47 

4233.37 

2778.19 

1452.58 

4230.77 

2781.97 

1453.16 

'235.13 

1986 

2889.32 

1502.66 

4391.98 

2887.46 

1501.76 

4389.22 

2391.40 

1502.33 

4393.73 

1987 

3003.06 

1553.52 

4556.58 

3001.03 

1552.60 

4553.63 

3005.14 

1553.1b 

4558.30 

1988 

3121.26 

1606.10 

4727.36 

3119.06 

1605.17 

4724.23 

3123.35 

1605.72 

4729.07 

1989 

3244.12 

1660.45 

4904.57 

3241.74 

1659.51 

4901.25 

324U.22 

1660.05 

4906.27 

1990 

3371.82 

1716.65 

5088.47 

3369.24 

1715.69 

5084.93 

3373.91 

171b. 22 

5090.13 

1991 

3504.54 

1774.75 

5279.29 

3501.75 

1773.78 

'5275.53 

3506.63 

1774.29 

5280.92 

1992 

3642.49 

1834.81 

5477.30 

3639.48 

1833.83 

5473.31 

3644.57 

lo34.33 

5478.90 

1993 

3785.87 

1896.91 

5682.78 

3782.62 

1895.92 

5678.54 

3787.93 

1896.39 

5684.32 

1994 

3934.89 

1961.11 

5896.00 

3931.40 

1960.11 

5891.51 

3936.93 

1960.56 

5897.49 

1995 

4089.78 

2027.48 

6117.26 

4086.02 

2026.47 

6112.49 

4091.80 

2026.90 

6118.70 

1996 

4225.26 

2090.41 

6315.67 

4221.37 

2089.33 

6310.70 

4227.41 

2089.53 

6316.94 

1997 

4365.22 

2155.30 

6520.52 

4361.20 

2154.13 

6515.33 

4367.51 

2154.09 

6521. bO 

1998 

4509.82 

2222.19 

6732.01 

4505.66 

2220.95 

6726.61 

4512.26 

2220.64 

b  7  32. 90 

1999 

4659.22 

2291.17 

6950.39 

4654.91 

2289.84 

6944.75 

46bl . 80 

2289.25 

b93l.05 

2000 

4813.56 

2362.29 

7175.85 

4809.10 

2360.86 

7169.96 

4816.30 

2359.99 

7156.29 

2001 

4973.01 

2435.61 

7408.62 

4968.40 

2434.09 

7402.49 

4975.92 

2432.90 

7408.82 

2002 

5137.74 

2511.21 

7648.95 

5J32.98 

2509.59 

7642.57 

5140.83 

2508.07 

7648.90 

2003 

5307.94 

2589.15 

7897.09 

5303.00 

2587.43 

7890.43 

3311.21 

2585.57 

7896.78 

2004 

5483.77 

2669.52 

8153.29 

5478.66 

2667.69 

8146.35 

5487.23 

2665.45 

8152.68 

2005 

5665.42 

2752.38 

8417.80 

5660. 14 

2750.43 

8410.57 

5669.09 

2747.81 

8416.90 
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Table  6-7 

(Continued) 

1 

! 

.  *’  * 

30  oal/ 10  min/ 2000 

ft 

30  oal/5  ain/2UOU  ft 

:• 

:■] 

M 

{«r 

1979 

Fual 

Craw  6 

Maine. 

total 

Fuel 

Crew  6 
Maint. 

Total 

Fuel 

Crew  & 
Maint. 

Total 

j 

"1 

2157.88 

1202.  )1 

3360.19 

2156.06 

1209.95 

3358.01 

2154.43 

1201.31 

3355.74 

•1 

j 

; 

1980 

2252.44 

1240.41 

3492.85 

2250.49 

1240.05 

3490.54 

2248.76 

1239.43 

3488.19 

j 

- 

1981 

2351.15 

1279.71 

3630.86 

2349.06 

1279.35 

3628.41 

2347.22 

1278.77 

3625.99 

j 

* 

1982 

2454.18 

1320.26 

3774.44 

2451.95 

1319.90 

3771.85 

2450.00 

1319.35 

3769.35 

1983 

2561.73 

1362.09 

3923.82 

2559.34 

1361.73 

3921.07 

2557.27 

1361.22 

3918.49 

1984 

2673.99 

1405.25 

4079.24 

2671.44 

14U4.89 

4076.33 

2669.24 

1404.42 

4073.66 

* 

1985 

2779.17 

1452.80 

4231.97 

2776.45 

1452.44 

4228.89 

2774.14 

1451.99 

4226.13 

■v 

h  ■  - 

1986 

2888.49 

1501.97 

4390.46 

2885 . 58 

1501.60 

4387.18 

2883.16 

1501.16 

4384.32 

i 

1987 

30U2.11 

1552.80 

4554.91 

2999.01 

1552.43 

4551.44 

2996.47 

1552.00 

4548.47 

1988 

3120. 20 

1605.34 

4725.54 

3116.89 

1604.98 

4721.87 

3114.22 

1604.57 

4718.79 

1989 

3242.94 

1659.67 

4902.61 

3239.41 

1659.30 

4898.71 

3236.61 

1658.91 

4895.52 

n 

1990 

3370.50 

1715.83 

5086.33 

3366.74 

1715.47 

5082.21 

3363.81 

1715.10 

5078.91 

•» 

1991 

3503.08 

1773.90 

5276.98 

3499.08 

1773.53 

5272.61 

3496.00 

1773.19 

5269.19 

1992 

3640.87 

1833.93 

5474.80 

3636.62 

1833.56 

5470.18 

3633.39 

1833.24 

5466.63 

1993 

3784.09 

1895.99 

5680.08 

3779.56 

1895.62 

5675.18 

3776.18 

1895.33 

5671.51 

B 

1994 

3932.94 

1960. 15 

5893.09 

3928.13 

1959.79 

5887.92 

3924.58 

1959.52 

5884.10 

•J 

. 

1995 

4087.64 

2026.48 

6114.12 

4082.53 

2026.12 

6108.65 

4078.81 

2025.89 

6104.70 

'« 

* 

1996 

4223.22 

2089.18 

6312.40 

4217.87 

2088.82 

6306.69 

4213.95 

2088.61 

6302.56 

. 

1997 

4363.30 

2153.83 

6517.13 

4357.70 

2153.47 

b511 . 17 

4353.56 

2153.28 

6505.84 

1 

• 

1998 

4508.02 

2220.48 

6728.50 

4502.16 

2220.11 

6722.27 

4497.80 

2219.95 

6717.75 

i 

■■ 

1999 

4657.55 

2289.  4 

6946.73 

4651.41 

2288.82 

6940.23 

4646.82 

2288.68 

6935.50 

w  ■ . 

2000 

4812.03 

2360.02 

7172.05 

4805.61 

2359.65 

7165.26 

4800.78 

2359.54 

7160.32 

. 

2001 

4971.64 

2433.04 

7404.68 

4964.93 

2432.68 

7397.61 

4959.84 

2432.59 

7392.43 

• 

2002 

5136.54 

2508.33 

7644.87 

5129.52 

2507.96 

7637.48 

5124.16 

2507.91 

7632.07 

2003 

5308.92 

2585.94 

7892.86 

5299.55 

2585.58 

7885.13 

5293.94 

2585.56 

7879.50 

2004 

5482.94 

2665.96 

8148.90 

5475.26 

2665.60 

8140.86 

5469.33 

2665.61 

5735.94 

2005 

5664.80 

2748.45 

8413.25 

5656.77 

2748.09 

8404 . 86 

5650.54 

2748.14 

8398.68 

; 

►-  - 

108 
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U  al/iu  ■la/2WU  ft  15nml/5mln/2000fc  iSflhl/foln/i06flH 


Year 

Fuel 

Crew  & 
Maine. 

Total 

Fuel 

1979 

2153.82 

1201.91 

3353.73 

2152.00 

1980 

2248.27 

1239.98 

3468.25 

2246.40 

1981 

2346.8a 

1279.26 

3626.12 

2344.94 

1982 

2449.77 

1319.78 

3769.55 

2447.81 

1983 

2557.19 

1361.58 

3918.77 

2555.18 

1984 

2669.33 

1404.71 

4074.04 

2667.27 

1985 

2774.28 

1452.27 

4226.35 

2772.13 

1988 

2863.35 

1501.43 

4364.76 

2881.12 

1987 

2996.71 

1552.27 

4546.98 

2994.39 

1988 

3114.53 

1604.62 

4719.33 

3112.12 

1989 

3236.9a 

1659.15 

4896.13 

3234.47 

1990 

3364.24 

1715.32 

5079.56 

3361.64 

1991 

3496.51 

1773.40 

5269.91 

3493.80 

1992 

3633.98 

lo33.44 

5467.42 

3631.16 

1993 

3776.85 

1895.51 

5672.36 

3773.92 

1994 

3925.34 

1959.68 

5485.02 

3922.29 

1995 

4079.67 

2026.03 

6103.75 

4076.50 

1996 

4214.80 

2086. 70 

6303.50 

4211.37 

1997 

4354.41 

2153.30 

6507.71 

4350.70 

1998 

4498.65 

2219.91 

6718.56 

4494.65 

1999 

4647.66 

2288.57 

6936.23 

4643.35 

2000 

4601.60 

2399.36 

7160.96 

4796.98 

2001 

4960.65 

2432.34 

7392.99 

4955.68 

2002 

5124.96 

2507.57 

7632.53 

5119.64 

2003 

5294.72 

2585.13 

7879.65 

5289.03 

2004 

5470.10 

2665.10 

6135.20 

5464.01 

2005 

5651.29 

2747.53 

6398.62 

5644.79 

Crev6 

Malnt. 

Total 

Fuel 

Total 

1201.31 

3353,30 

2151.09 

1200.72 

3351.81 

1239.38 

3485.78 

2245.38 

1238.84 

3484.22 

1278.66 

3623.60 

2343.80 

1278.18 

3621.98 

1319.18 

3766.99 

2446.53 

1318.76 

3765.29 

1360.99 

3916.17 

2553.77 

1360.63 

3914.40 

1404.12 

4071.39 

2665.71 

1403.83 

4069.54 

1451.67 

4223.80 

2770.48 

1451.39 

4221.87 

1500.84 

4381.96 

2879.37 

1500.57 

4379.94 

1551.67 

4546.06 

2992.54 

1551.41 

4543.95 

1604.22 

4716.34 

3110.16 

1603.97 

4714.13 

1658.55 

4893.02 

3232.40 

1658.32 

4890.72 

1714.72 

5076.36 

3359.44 

1714.50 

5073.94 

1772.80 

5212.60 

3491.48 

1772.59 

5264.07 

1832.84 

5464.00 

3628.71 

1832.65 

5461.36 

1894.91 

5668.83 

3771.33 

1894 . 74 

5666.07 

1959.09 

5881.38 

3919.56 

1958.94 

5878.50 

2025-44 

6101.94 

4073.61 

2025.31 

6098.92 

2088.11 

6299.48 

4208.31 

2087.92 

6296.28 

2152.71 

6503.41 

4347.42 

2152.56 

6500.03 

2219.31 

6713.96 

4491.22 

2219.16 

6710.38 

2287.98 

6931.33 

4639.73 

2287.81 

6927.54 

2358.77 

7155.75 

4793.16 

2358.59 

7151.75 

2431.75 

7387.43 

4951.65 

2431.56 

7383.21 

2506.98 

7626.62 

5115.39 

2506.78 

7622.17 

2584.55 

7873.58 

5284.54 

2584.33 

7868.87 

2664.51 

8128.52 

5459.28 

2664.28 

8123.56 

2746.95 

8391.74 

5639.80 

2746.71 

8386.52 
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Table  6-7  (Concluded) 


60nai./15mln/1000ft _  bO/nai/lOmln/ 1000ft _  60nml/10min/1000»  ft 


fur 

Fuel 

Craw  & 
Malnt . 

Total 

Fuel 

Craw  & 
Malnt. 

Total. 

Fuel 

Crew  & 
Malnt. 

Total 

1979 

2144.74 

1204.14 

3348.88 

2143.28 

1203.41 

3346.69 

2149.12 

1203.41 

3352.53 

1980 

2238.58 

1241.98 

3480.56 

2237.05 

1241.38 

3478.43 

2243.04 

1241.44 

3484.48 

1981 

2336.53 

1281.01 

3617.54 

2334.93 

1280.55 

3615.48 

2341.06 

1280.68 

3621.74 

1982 

2438.76 

1321.27 

3760.03 

2437.09 

1320.95 

3758.04 

2443.36 

1321.15 

3764.51 

1983 

2545.47 

1362.79 

3908.26 

2543.72 

1362. b3 

3906.35 

2550.14 

1362.91 

3913.05 

1984 

2656.84 

1405.62 

4062.46 

2655.01 

1405.62 

4060.63 

2661.58 

1405.98 

4067.56 

1985 

2761.25 

1453.27 

4214.52 

2759.30 

1453.25 

4212.55 

2766.14 

1453.59 

4219.73 

1986 

2869.77 

1502.54 

4372.31 

2867.68 

1502.49 

4370.17 

2874.80 

1502.80 

4377.60 

1987 

2982.55 

1553.47 

4536.02 

2980.33 

1553.40 

4533.73 

2987.74 

1553.69 

4541.43 

1988 

3099.77 

1606.14 

4705.91 

3097.39 

1606.03 

4703.42 

3105.11 

1606.29 

4711.40 

1989 

3221.59 

1660.59 

4882.18 

3219.06 

1660.45 

4879.51 

3227.09 

1660.68 

4887.77 

1990 

3348.20 

1716.88 

5065.08 

3345.51 

1716.71 

5062.22 

3353.87 

1716.91 

5070.78 

1991 

3479.78 

1775.09 

5254.87 

3476.92 

1774.88 

5251.80 

3485.62 

1775.04 

5260.66 

1992 

3616.53 

1835.26 

5451.79 

3613.49 

1835.02 

5448.51 

3622.55 

1835.15 

5457.70 

1993 

3758.66 

1897.48 

5656.14 

3755.43 

1897.20 

5652.63 

3764.86 

1897.28 

5662.14 

1994 

3906.38 

1961.80 

5868.18 

3902.94 

1961.48 

5864.42 

3912.76 

1961.52 

5874.28 

1995 

4059.90 

2028.31 

6088.21 

4056.25 

2027.94 

6084.19 

4066.47 

2027.94 

6094.41 

1996 

4194.43 

2091.13 

6285.56 

4190.60 

2090.73 

6281.33 

4201.17 

2090.76 

6291.93 

1997 

4333.43 

2155.90 

6489.33 

4329.41 

2155.47 

6484.88 

4340.33 

2155.53 

6495.86 

1998 

4477.02 

2222.68 

6699.70 

4472.81 

2222.22 

6695.03 

4484.10 

2222.30 

6706.40 

1999 

4625.38 

2291.52 

6916.90 

4620.96 

2291.03 

6911.99 

4632.63 

2291.15 

6923.78 

2000 

4778.65 

2362.49 

7141.14 

4774.02 

2361.97 

7135.99 

4786.09 

2362.12 

7148.21 

2001 

4937.00 

2435.67 

7372.67 

4932.15 

2435.11 

7367.26 

4944.62 

2435.29 

7379.91 

2002 

5100.60 

2511.11 

7611.71 

5095.52 

2510.51 

7606.03 

5108.41 

2510.73 

7619.14 

2003 

5269.62 

2588.89 

7858.51 

5264.30 

2588.25 

7852.55 

5277.62 

2588.51 

7866.13 

2004 

5444.24 

2669.07 

8113.31 

5438.67 

2668.39 

8107.06 

5452.44 

2668.70 

8121.14 

2005 

5624.65 

2751.74 

8376.39 

5618.81 

2751.01 

8369.82 

5633.05 

2751.37 

8384.42 

*  1000  ft  vertical  separation  minima  in  oceanic  airspace  only;  2000  ft  elsewhere 
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7.0  NAT  PROVIDER  FACILITIES  COSTS 


7.1  Introduction 

The  ATS  unit  and  COM  station  facilities  operated  by  the  NAT 
provider  authorities  require  capital  and  annual  O&M  expenditures  that 
include  labor  and  related  direct  and  indirect  operating  costa.  These  ATS 
and  COM  facilities  expenditures,  excluding  the  capital  and  O&M  expenses 
for  potential  improvements  previously  described  in  Section  5  are  estima¬ 
ted  in  this  section  for  the  present  system  and  alternative  operations, 

7.2  ATS  Unit  Annual  O&M  Costs 
7.2.1  Present  System 

Estimates  of  the  annual  O&M  cost  of  providing  ATS  at  the  various 
ATS  units  for  1979  have  been  presented  in  an  accompanying  document 
describing  the  present  system  (ref.  1).  These  units  include  the 
Shanwick  Oceanic  Area  Control  Center  (OACC)  and  the  Gander,  New  York, 
Santa  Maria,  Reykjavik,  San  Juan  and  Miami  ACCs.  The  estimates  were 
based  in  part  on  data  provided  by  some  provider  authorities  and  in  part 
on  assumptions  concerning  the  level  of  expenditures  at  sites  wnere  cost 
data  were  not  available.  The  O&M  cost  estimates  for  the  US  facilities 
were  based  on  data  which  did  not  include  certain  overhead  costs.  The 
cost  estimates  are  shown  in  Table  7-1.  The  staff  category  shown  in 
Table  7-1  refers  to  the  annual  personnel  costs  associated  with  ATS.  The 
other  direct  operating  cost  category  refers  to  the  nonstaff  annual 
expenditures  required  to  maintain  ATS,  and  include  such  items  as  parts 
and  supplies,  leases,  and  electricity.  The  indirect  cost  category 
includes  such  items  as  depreciation,  interest  payments,  and  insurance 
premiums.  In  conformance  with  the  standard  cost  reporting  procedures 
used  by  the  various  provider  authorities,  the  depreciation  and  interest 
payments  represent  annualized  equipment  costs;  therefore,  the  indirect 
O&M  costs  in  Table  7-1  include  capital  equipment  annual  cost  allocations. 

In  order  to  account  for  overhead  costs  not  included  in  the  previous 
coat  estimates  for  the  US  facilities,  the  O&M  costs  are  assumed  to  be  on 
the  order  of  almost  double  those  originally  estimated  in  Reference  1. 

This  assumption  obtains  an  estimate  of  about  $7  million  for  the  US  O&M 
coats,  which,  when  added  to  the  non-US  ATS  O&M  cost,  obtains  an  estimate 
of  $21  million  for  the  NAT  facilities  in  1979.  Note  that  if  the  assump¬ 
tion  of  doubling  the  US  O&M  preliminary  cost  estimate  is  inaccurate,  the 
estimated  O&M  total  costs  will  not  significantly  distort  subsequent 
comparisons  of  improvement  option  costs  because  these  comparisons  will 
be  made  relative  to  the  present  system  costs  (i.e.,  cost  differences 
will  be  calculated  relative  to  a  common  baseline). 


Ill 


see  note 


The  O&M  costs  are  expected  to  increase  gradually  during  the  1979  to 
2005  atudy  period,  primarily  because  of  the  increase  in  staffing  and 
equippage  required  to  serve  the  traffic  growth  projected  during  this 
time  period.  Although  the  rate  of  growth  cannot  be  predicted  with  high 
precision,  the  increase  in  O&M  requirements  is  expected  to  b'e  propor¬ 
tional  to  traffic  growth.  NAT  traffic,  based  on  peak  day  daily  costed 
traffic  estimates,  is  projected  to  increase  by  85%  during  the  1979  to 
2005  period,  which  corresponds  to  a  2.4%  annually  compounded  rate  of 
growth.  This  growth  rate  is  assumed  to  apply  to  the  future  annual  O&M 
costs  of  the  present  system. 

The  question  arises  as  to  how  future  annual  O&M  costs  will  be 
affected  by  currently  planned  near-term  ATC  automation.  While  the 
implementation  of  ATC  automation  would  affect  O&M  costs,  the  degree  of 
this  impact  is  not  clear.  For  example,  the  implementation  of  electronic 
flight  data  displays  and  conflict  prediction  automation  would  alleviate 
controller  workload  and  possibly  requirements  for  staff  growth.  Further, 
the  advanced  solid  state  technology  associated  with  ATC  automation  might 
involve  lower  unit  maintenance  costs  than  current  electromechanical 
technology  such  as  that  employed  in  flight  strip  printers.  However,  the 
expansion  of  software  and  hardware  capabilities,  which  would  be  necessi¬ 
tated  by  ATC  automation,  implies  expansion  in  maintenance  requirements. 
Lacking  further  information,  it  is  assumed  that  efficiencies  gained  in 
ATS  automation  will  be  counterbalanced  by  the  increased  maintenance 
costs  due  to  the  enlarged  technological  scope  of  automation  enhancements 
and  that  the  2.4%  annually  compounded  O&M  cost  growth  rate  is  appropri¬ 
ate  for  present  system  continuance  beginning  with  a  $21  million  O&M  cost 
in  1979.  The  resulting  O&M  costs  are  shown  in  Table  7-2. 

7.2.2  Alternative  Operations 

ATS  unit  O&M  costs  will  be  affected  by  conmunication  and  associated 
surveillance  system  improvements.  Specifically,  the  introduction  of 
either  automatic  dependent  surveillance  or  cooperative  independent 
surveillance  will  require  implementation  of  automated  ATC  data  handling, 
controller  displays,  and  associated  advanced  ATC  automation  software  and 
hardware  at  each  ATS  unit.  These  improvements  will  be  more  advanced  than 
the  near-term  automation  improvements  associated  with  present  system 
continuance,  and  will  require  capital  expenses  for  research,  develop¬ 
ment,  testing  and  evaluation  (RDT&E)  and  equipment  installation  which 
are  estimated  in  the  following  paragraphs.  Annual  O&M  costs  also  are 
addressed. 

RDT&E  Capital  Costs — Informal  discussions  with  FAA  personnel 
addressed  the  potential  costs  of  a  single  RDT&E  program  that  would  be 
required  to  support  the  implementation  of  automated  ATC  data  handling, 
controller  display  and  associated  advanced  ATC  automation  features  at  US 
oceanic  ATS  facilities.  Based  on  the  costs  of  analogous  programs,  it 
was  estimated  that  the  RDT&E  program  might  cost  about  $5  million. 
Furthermore,  it  was  assumed  that  separate  RDT&E  program  costs  for  each 
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Table  7-2 


NAT  ATS  UNIT  PROVIDER  COST  ESTIMATES 
(Millions  of  1979  US  Dollars) 


Present 

Automatic 

Independent 

System 

Dependent 

Cooperative 

Continuance 

Surveillance! 

Surveillance 

Annual 

i 

Annual 

Annual 

Year 

O&M* 

Capital' 

0&M* 

Capital^ 

O&M* 

1979 

21.0 

1980 

21.5 

1981 

22.0 

1982 

22.5 

1983 

23.1 

5.0 

1984 

23.6 

5.0 

1985 

24.2 

5.0 

1986 

24.8 

5.0 

1987 

25.4 

8.0 

25.4 

1988 

26.0 

26.0 

5.0 

1989 

26.6 

26.6 

5.0 

1990 

27.3 

27.3 

5.0 

1991 

27.9 

27.9 

5.0 

1992 

28.6 

28.6 

9.0 

28.6 

1993 

29.3 

29.3 

29.3 

1994 

30.0 

30.0 

30.0 

1995 

30.7 

1.0 

30.7 

30.7 

1996 

31.4 

31.4 

31.4 

1997 

32.2 

32.2 

32.2 

1998 

33.0 

33.0 

33.0 

1999 

33.7 

33.7 

33.7 

34.6 

1.0 

34.6 

1.0 

34.6 

H'v 

35.4 

35.4 

35.4 

!■£ 

36.2 

36.2 

36.2 

37.1 

37.1 

37.1 

2004 

38.0 

38.0 

38.0 

2005 

38.9 

1.0 

38.9 

1.0 

38.9 

* 

Indicated 

values  are  based 

on  a  2.4% 

annual  compound 

growth  rate 

starting 

with  the  present  system  1979  cost. 

^Indicated  values  include  a  $20.0  million  4-year  development  program, 
$8.0  million  (or  $9  million)  initial  equipment  purchase  cost  and 
$1.0  million  periodic  equipment  expansion  costs;  all  capital  costs 
assume  a  20-year  recovery  life. 

® Indicated  values  apply  to  simple  network  HF,  network  HF,  satellite 
data  link  and  voice,  and  satellite  data  link  only. 


of  Che  Gander  and  Shanwick  ATS  units  would  be  about  the  same  as  those  of 
the  US  costs  and  that  separate  program  costs  for  each  of  the  Santa  Maria 
and  Reykjavik  ATS  units  would  be  about  half  of  the  US  costs.  As  a 
result  of  these  assumptions,  the  NAT  total  RDT&E  costs  are  estimated  to 
be  $20  million. 

Equipment  Capital  Costs — The  costs  of  equipment  installations  at 
the  oceanic  facilities  include  the  automated  ATC  data  handling*  control¬ 
ler  displays,  related  advanced  ATC  automation  software  and  hardware,  and 
direct  air-ground  communication  equipment  expenditures  required  for 
either  automatic  dependent  surveillance  or  independent  cooperative 
surveillance  operations.  Discussions  with  FAA  personnel  found  that  a 
current  domestic  digitized  radar  sector  with  flight  strip  data  proces¬ 
sing  might  cost  about  $250  thousand,  including  $50  thousand  for  the 
direct  air-ground  sector  console  communication  equipment.  Assuming  that 
the  proposed  oceanic  automation  would  offer  controllers  potential  con¬ 
flict  intervention  capabilities  that  are  not  part  of  the  present 
strategic  control  procedures,  the  automated  equipment  is  expected  to 
involve  advanced  tabular  and  graphical  traffic  display  capabilities. 
Lacking  further  information  describing  the  details  of  the  automated 
oceanic  sector  design,  the  equipment  installation  costs  are  assumed  to 
be  similar  to  those  of  current  radar  sector  costs  and  equal  to  $250 
thousand  per  sector.  This  assumption  is  made  with  the  understanding  that 
the  future  oceanic  displays  would  not  be  identical  to  current  radar  data 
presentations,  but  that  the  data  processing  and  display  complexities 
inherent  in  automatic  dependent  surveillance  (using  network  HF,  simple 
network  HF,  satellite  data  link  and  voice,  or  satellite  data  link  only) 
or  cooperative  independent  surveillance  (using  multiple  satellite  data 
link  and  voice)  with  automation  enhancements  might  be  of  the  same  level 
of  complexity  as  current  digitized  radar  data  processing  and  display. 

The  installation  costs  depend  on  the  number  of  sectors  involved  and 
the  year  of  operational  implementation,  and  are  estimated  as  follows. 

The  seven  NAT  ATS  units  operated  about  25  sectors  in  1979  assuming 
shared  CAR  and  NAT  operations  at  the  San  Juan  and  Miami  ACCs.  Assuming 
that  automatic  dependent  surveillance  operations  using  network  HF  or 
satellite  data  link  could  be  initiated  in  1990,  and  allowing  for  a  2.4% 
annual  compound  growth  rate  in  sectorization,  32  sectors  would  be 
required  in  1990  at  a  cost  of  $8  million.  The  32  sector  equipment  units 
are  assumed  to  be  purchased  and  installed  in  1987  to  allow  time  for  a 
two  year  operational  shakedown  in  1988  and  1989.  Allowing  for  continued 
sectorization  growth  at  the  2.4%  rate,  four  additional  sectors  are 
assumed  to  be  required  every  five  years  at  a  cost  of  $1  million  in  each 
of  1995,  2000  and  2005.  This  enhancement  plan  also  applies  to  the 
simple  network  HF  data  link  and  voice,  which  might  initiate  partial  data 
link  services  without  separation  minima  reduction  in  1987  and  might 
later  evolve  to  reduced  minima  operations. 
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Capital  Coat  Summary — The  resulting  capital  installation  costs 
associated  witn  automatic  dependent  surveillance  using  network  HF, 
simple  network  HF  or  satellite  data  link  and  voice  are  shown  in  Table 
7-2  as  are  the  RDT&E  capital  costs.  The  RDT&E  cost  of  $20  million  is 
assumed  to  be  distributed  over  the  four  year  period  from  1983  through 
1986.  All  capital  expenses  are  assumed  to  involve  a  20  year  recovery 
life. 


Similar  capital  cost  estimates  are  shown  in  Table  7-2  for  the 
cooperative  independent  surveillance  using  multiple  satellite  data  link 
and  voice  except  that  operations  are  assumed  to  be  initiated  in  1993 
with  an  initial  purchase  of  36  sector  equipment  units  in  1992  at  a  cost 
of  $9  million.  The  four  year  $20  million  RDT&E  program  is  assumed  to 
begin  in  1988. 

O&M  Costs — The  enhancement  of  controller  conflict  intervention 
capabilities  associated  with  automatic  dependent  surveillance  and  inde¬ 
pendent  cooperative  surveillance  might  imply  a  more  intensive  control 
work  environment  than  currently  exists  in  terms  of  increased  surveil¬ 
lance,  intervention  decision-making,  and  communication  requirements  per 
aircraft.  But,  the  introduction  of  advanced  data  handling,  display  and 
associated  features  would  automate  parts  of  the  controller  work  routine, 
and  hence  could  prevent  increases  in  controller  workload  and  associated 
staff  growth.  Furthermore,  future  reductions  in  separation  minima  from 
those  of  the  present  system  would  reduce  the  frequency  of  potential 
conflict  events,  hence  alleviating  controller  workload.  For  the  pur¬ 
poses  of  this  s tudy ,  the  reductions  in  workload  associated  with  automa¬ 
tion  are  assumed  to  offset  any  increases  associated  with  new  operating 
strategies  in  the  future,  and,  therefore,  the  staff  required  for  the 
automated  operations  are  assumed  to  be  the  same  as  that  required  for 
present  system  continuance. 

Apart  from  controller  staffing  costs,  maintenance  costs  might  be 
increased  because  of  the  enlarged  technological  scope  of  the  automation 
enhancements.  But,  these  costs  may  be  offset  by  more  efficient  diagnos¬ 
tic  and  preventive  maintenance  practices.  These  considerations  lead  to 
the  assumption  that  the  annual  O&M  costs  of  automatic  dependent  surveil¬ 
lance  or  independent  cooperative  surveillance  might  be  about  the  same  as 
those  of  present  system  continuance.  This  assmption  is  supported  by  the 
accounting  procedure  used  to  estimate  present  system  O&M  costs  which 
allocated  the  annualized  capital  costs  of  the  present  system  to  the 
indirect  O&M  cost  category.  Since  the  annualized  capital  costs  of 
present  system  sectorization  should  be  discontinued  when  an  alternative 
operation  is  implemented,  the  reduction  in  O&M  costs  would  offset  any 
residual  increase  in  maintenance  costs  that  might  result  from  techno¬ 
logical  enlargement. 

The  ATS  annual  O&M  cost  estimates  for  the  1979  to  2005  time  period 
are  listed  in  Table  7-2  for  the  automatic  dependent  surveillance  and 
cooperative  independent  surveillance  alternatives.  These  costs  assume 
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that  Che  dependent  and  independent  systems  are  separately  developed; 
that  is,  either  one  system  or  the  other  is  developed  but  not  both 
concurrently. 

Annual  O&M  costs  and  implementation  schedule  for  the  simple  HF  data 
link  and  voice  operation  are  assumed  to  be  the  same  as  those  of  the 
network  HF  data  link  and  voice  operation.  Therefore,  the  annual  O&M 
costs  of  the  simple  HF  data  link  are  represented  by  the  autdtfidtic  depen¬ 
dent  surveillance  costs  shown  in  Table  7-2. 

7.3  COM  Station  Annual  O&M  Costs 

7.3.1  Present  System 

Estimates  of  the  1979  O&M  costs  for  the  Gander,  Shanwick,  New  York, 
Santa  Maria,  Gufunes,  San  Juan  and  Miami  COM  stations  have  been  prepared 
(ref.  2)  and  are  presented  in  Table  7-3.  The  total  NAT  1979  O&M  cost  is 
shown  to  be  $9.8  million.  Following  the  logic  presented  in  the  preced¬ 
ing  paragraphs,  the  O&M  costs  of  continuing  the  present  system  are 
assumed  to  increase  at  a  2.4%  annually  compounded  growth  rate. 

7.3.2  Alternative  Systems 

Costs  as  shown  in  Table  7-3  for  the  existing  COM  stations  would 
change  with  the  implementation  of  any  type  of  automated  data  link 
system.  If  an  HF  data  link  were  used,  for  example,  the  new  links  used 
for  interfacility  transfer  of  data  would  effectively  carry  some  data 
that  currently  are  carried  by  leased  lines.  Hence,  if  either  a  network 
HF  data  link  or  satellite  data  link  system  were  implemented,  the  leased 
line  costs  are  assumed  to  be  reduced  by  approximately  30%,  which  would 
result  in  a  10%  reduction  in  the  total  yearly  cost  shown  in  Table  7-3. 
(Note  that  to  avoid  double  counting,  the  O&M  costs  of  any  new  links  that 
have  been  included  in  the  O&M  costs  estimated  for  the  improvement  item 
are  not  included  in  this  section.) 

Additional  cost  changes  associated  with  new  systems  would  result 
from  a  reduced  need  for  radio  operators  and  maintenance  personnel.  If 
an  automatic  dependent  surveillance  with  a  network  HF  data  link  and 
voice  system  was  introduced,  the  radio  operator  labor  function  would  be 
significantly  reduced  to  provide  for  the  occasionally  used  voice  func¬ 
tion.  An  80%  reduction  in  radio  operator  costs  is  assumed  (excluding 
leased  lines),  which  is  equivalent  to  a  48%  reduction  in  total  yearly 
costs  for  HF  stations.  The  total  decrease  of  yearly  comnunication  O&M 
costs  shown  in  Table  7-3  would  thus  be  58%  (10%  for  leased  line  reduc¬ 
tion  and  48%  for  radio  operator  labor)  of  the  present  system  costs  if  HF 
data  link  were  introduced.  Therefore,  HF  system  annual  O&M  costs  would 
be  42%  of  the  annual  O&M  costs  shown  in  Table  7-3. 
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Table  7-3 


It  is  assumed  that  if  an  automatic  dependent  surveillance  with 
satellite  data  link  and  voice  system  or  a  cooperative  independent 
surveillance  with  multiple  satellites  was  implemented,  six  small  HF 
communication  stations  (similar  in  size  to  the  San  Juan  station)  would 
be  retained  to  support  a  residual  HF  voice  network.  The  San  Juan 
station  is  estimated  to  cost  $0,367  million  per  year  to  operate  exclu- 
sive  of  leased  line  costs,  as  shown  in  Table  7-3.  Six  stations  would 
cost  $2,202  million  to  operate  in  1979.  With  the  additional  assumption 
that  leased  line  costs  are  halved  to  $1,024  million,  total  annual  costs 
would  be  $3,226  million,  or  33%  of  the  present  system  1979  total  annual 
O&M  cost  ($9,791  million).  This  relationship  is  assumed  to  apply  to 
future  annual  costs. 

The  resulting  NAT  COM  station  total  annual  O&M  cost  estimated  for 
the  1979  to  2005  time  period  are  shown  in  Table  7-4  for  the  present 
system  continuance;  automatic  dependent  surveillance  with  network  HF 
data  link  and  voice,  satellite  data  link  and  voice,  and  satellite  data 
link  only;  and  the  cooperative  independent  surveillance  with  multiple 
satellites  data  link  and  voice.  The  estimated  annual  costs  shown  in 
Table  7-4  would  be  required  if  the  respective  systems  were  in  operation 
in  the  year  indicated. 

Table  7-4  also  shows  the  estimated  annual  costs  for  simple  network 
HF  data  link  and  voice  (with  or  without  separation  minima  reduction). 

In  this  case,  the  data  link  operation  is  assumed  to  be  gradually  intro¬ 
duced,  starting  in  1987  and  reaching  full  service  in  1992  when  the 
aircraft  fleet  is  assumed  to  be  fully  equipped  with  at  least  the  single 
unit  avionics  of  the  simple  network  HF  data  link  and  voice  system.  To 
account  for  the  transition  from  present  system  to  full  simple  network  HF 
data  link  and  voice  operaions,  a  linear  reduction  in  COM  stations  annual 
O&M  costs  is  assumed  during  1987  through  1991  as  shown  in  Table  7-4. 

The  annual  costs  shown  from  1992  through  2005  are  the  same  as  those 
estimated  for  the  automatic  dependent  surveillance  with  network  HF  data 
link  and  voice.  Subsequent  implementation  of  dual  avionics  and  reduced 
separation  minima  with  the  simple  network  HF  data  link  and  voice  system 
would  not  change  the  COM  station  O&M  costs  shown  in  Table  7.4. 

7.4  References 

1.  SRI  International,  "Oceanic  Area  System  Improvement  Study 
(OASIS)  Volume  II:  North  Atlantic  Region  Air  Traffic  Services 
System  Description,"  Final  Report  No.  FAA-EM-81-17 ,  II  (September 
1981). 

2.  SRI  International,  "Oceanic  Area  System  Improvement  Study 
(OASIS)  Volume  V:  North  Atlantic,  Central  East  Pacific  and  Carib¬ 
bean  Regions  Communication  Systems  Descriptions,"  Final  Report  No. 
FAA-EM-81-17,  V  (September  1981) 
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Table  7-4 


NAT  COM  PACXLITT  ANNUAL  OAM  COST  ESTIMATES 
(Millions  of  1979  US  Dollars) 


Present 

System 

Continuance* 


Automatic 

Dependent 

Surveillance 

with 

Network  HP 
Data  Link 
&  Voice'*’ 


Automatic 

Dependent 

Surveillance 

with 

Satellite 
Data  Link 
and  Voice  or 
Data  Link 
Only* 


Cooperative 
Independent 
Surveillance 
with 
Multiple 
Satellite 
Data  Link 
and  Voice* 


Automatic 
Dependent 
Surveillance 
with 
Simple 
Network  HF 
Data  Link 
and'  Voice! 


Indicated  values  are  based  on  a  2.4Z  compound  annual  growth  rate. 

Each  indicated  value  is  equal  to  42Z  of  the  corresponding  present  system 
continuance  costs. 

Each  indicated  value  is  equal  to  33Z  of  the  corresponding  present  system 
continuance  costs. 

Each  indicated  value  in  1992  through  2003  Is  equal  to  42X  of  the  corresponding 
present  system  continuance  cost,  and  each  value  in  1987  through  1991  is  based  on 
a  linear  transition  from  the  present  system  ($11.57  million  in  1986)  to  full  Improvement 
($5.60  million  in  1992). 


8.0  NAT  POTENTIAL  IMPROVEMENT  CONFIGURATIONS 
AND  COSTS 


8.1  Introduction 


The  various  potential  improvements  introduced  and  discussed  in  the 
preceding  sections  may  be  implemented  individually  or  in  combination. 

The  improvement  configurations  obtainable  depend  on  the  technical  and 
operational  feasibility  of  implementing  the  various  improvements  in 
meaningful  sequences  and  on  the  capability  of  the  resulting  combinations 
to  achieve  reduced  separation  minima  and  economic  benefits.  This 
section  describes  the  configurations  that  were  selected  and  their  costs. 


8.2  Potential  Improvement  Configurations 


A  preliminary  set  of  improvement  configurations  was  defined  based 
on  logical  evolutionary  deployments  of  the  various  system  improvements 
beginning  with  the  present  system  operation  in  1979.  This  set  of  config¬ 
urations  was  reviewed  and  revised  by  the  Aviation  Review  Committee  as 
summarized  in  Appendix  G.  The  Committee  identified  the  following 
potential  improvement  configuraions  for  further  study;  each  configura¬ 
tion  is  defined  in  terms  of  its  technical  components,  operating  require¬ 
ments  and  separation  minima  subject  to  the  condition  that  the  baseline 
configuration's  separation  minima  (i.e.,  the  Configuration  1  minima)  are 
in  effect  until  the  year  indicated: 


(1)  Configuration  1. 


(2)  Configuration  2. 


Baseline,  HF  SSB  Voice,  MNPS,  120-60  nmi/ 
15min/2000  ft  through  1980,  60  nmi/15  min/, 
2000  ft  in  1981,  60  nmi/ 10  min/ 2000  ft  in 
1982  through  2005 

60-30  Composite,  HF  SSB  Voice,  MNPS, 

60-30  runi/10  min/2000  ft  in  1985  through 
2005 


(3)  Configuration  3. 


60-30  Composite,  HF  SSB  Voice,  MNPS  (Improved) 
and/or  Improved  Vertical  Performance, 

60-30  nmi/ 10  rain/ 2000  ft  in  1985  through  2005 


(4)  Configuration  4. 


1000  ft  Vertical  Separation  Above  FL  290 
Oceanic  Only,  HF  SSB  Voice,  PS  (Vertical), 
60  nmi/ 10  min/ 1000  ft  in  1985  through  2005 
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(5)  Configuration  5.  1000  ft  Vertical  Separation  Above  FL  290 

Oceanic  Only  With  Improved  Altimetry,  HF 
SSB  Voice,  PS  (Vertical),  60  nmi/10  min/ 

1000  ft  in  1988  through  2005 

(6)  Configuration  6.  1000  ft  Vertical  Separation  Above  FL  290 

Oceanic  and  Domestic,  HF  SSB  Voice,  PS 
(Vertical),  60  nmi/10  min/1000  ft  in  1985 
through  2005 

(7)  Configuration  7.  1000  ft  Vertical  Separation  Above  FL  290 

Oceanic  and  Domestic  With  Improved 
Altimetry,  HF  SSB  Voice,  PS  (Vertical), 

60  nmi/10  min/1000  ft  in  1988  through  2005 

(8)  Configuration  8.  Airborne  Separation  Assurance  Device  With 

1002  Avionics  Capital  Cost  Allocation,  HF 
SSB  Voice,  MNPS  (Improved),  30  nmi/5  min/ 

2000  ft  in  1990  through  2005 

(9)  Configuration  9.  Airborne  Separation  Assurance  Device  with  502 

Avionics  Capital  Cost  Allocation,  HF  SSB 
Voice,  MNPS  (Improved),  30  nmi/5  min/ 

2000  ft  in  1990  through  2005 

(10)  Configuration  10.  Automatic  Dependent  Surveillance  With  Network 

HF  Data  Link  and  Voice,  MNPS  (Improved),. 

30  nmi/5  min/2000  ft  in  1990  through  2005 

(11)  Configuration  11.  Configuration  10  +  Airborne  Separation 

Assurance  Device  with  502  Avionics  Capital 
Cost  Allocation,  30  nmi/5  min/2000  ft  in 
1990  through  2005 

(12)  Configuration  12.  Simple  Network  HF  Data  Link  and  Voice  Without 

Separation  Minima  Reduction,  MNPS, 

60  nmi/10  min/2000  ft  in  1987  through  2005 

(13)  Configuration  13.  Simple  Network  HF  Data  Link  and  Voice  With 

Separation  Minima  Reduction,  MNPS  (Improved), 

30  nmi/5  min/2000  ft  in  1993  through  2005 

(14)  Configuration  14.  Configuration  13  +  Airborne  Separation 

Assurance  Device  with  502  Avionics  Capital 
Cost  Allocation,  30  nmi/5  min/2000  ft  in 
1993  through  2005 

(15)  Configuration  15.  Automatic  Dependent  Surveillance  With 

Satellite  Data  Link  and  Voice,  MNPS  (Improved), 
30  nmi/5  min/2000  ft  in  1990  through  2005 


(16)  Configuration  16.  Configuration  15  +  Airborne  Separation 

Assurance  Device  with  50%  Avionics  Capital 
Cost  Allocation,  30  nmi/5  min/2000  ft  in  1990 
through  2005 


(17)  Configuration  17.  Automatic  Dependent  Surveillance  With 

Satellite  Data  Link  Only,  MNPS  (Improved), 

30  nmi/5  min/2000  ft  in  1990  through  2005 

(18)  Configuration  18.  Configuration  17  +  Airborne  Separation 

Assurance  Device  with  50%  Avionics  Capital 
Cost  Allocation,  30  nmi/5  min/2000  ft  in 
1990  through  2005 

(19)  Configuration  19.  Cooperative  Independent  Surveillance  With 

Multiple  Satellite  Data  Link  and  Voice,  MNPS 
(Advanced),  15  nmi/2  min/2000  ft  in  1995 
through  2005 


(20)  Configuration  20.  Configuration  19  +  Clearance  Control 

Procedures  Permitting  Exploitation  of  Free 
Flight  in  the  Vertical  Plane, 

15  nmi/2  min/2000  ft  in  1995 
through  2005 


(21)  Configuration  21.  Configuration  19  ♦  60-30  Composite,  HF 

SSB  Voice,  MNPS,  60-30  nmi/10  min/2000  ft  in 
1985  and  15  nmi/2  min/2000  ft  in  1995  through 
2005 


The  preceding  list  does  not  enumerate  all  possible  configurations, 
but  it  identifies  implementation  sequences  that  are  judged  by  the  Avia¬ 
tion  Review  Committee  to  be  practical  arid  reasonably  representative  of 
the  broad  range  of  alternatives  available.  Table  8-1  summarizes  each 
configuration's  components,  separation  minima  and  support  requirements. 


The  following  paragraphs  briefly  describe  the  improvement  implemen¬ 
tations  proposed  in  each  configuration  and  the  capital  and  operating  and 
maintenance  costs  associated  with  the  implementation  sequences.  The 
costs  are  tabulated  in  Tables  8-2  through  8-22  and  are  based  on  the 
expenditure  data  given  in  Sections  5,  6,  and  7.  The  capital  costs 
indicated  in  these  tables  by  year  of  expenditure  are  syntheses  of  devel¬ 
opment,  purchase  and  installation  cost  estimates  presented  in  Section  5 
for  both  providers  and  users,  and  provider  ATS  unit  capital  costs 
presented  in  Section  7.  The  0&M  costs  for  potential  improvements  are 
derived  from  the  Section  5  data  for  providers  and  users,  and  the  ATS  and 
COM  facilities  O&M  costs  are  obtained  from  Section  7  data.  The  user  O&M 
costs  are  extracted  from  Section  6. 
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Table  8-1  (Continued) 


Table  H  (Concluded) 
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8.2.1  Configuration  1.  Baseline 

The  baseline  configuration  represents  the  continuation  of  present 
system  technology  and  operational  strategies  using  MNPS  and  HF  SSB 
pilot-radio  operator  air-ground  voice  communication.  Because  potential 
system  improvements  beyond  those  currently  planned  are  not  associated 
with  this  configuration,  capital  and  O&M  costs  for  technological  change 
are  not  involved.  However,  COM  station  and  ATS  unit  O&M  costs  associa¬ 
ted  with  present  system  continuation  would  be  incurred  and  are  assumed 
to  include  all  costs  resulting  from  proposed  near-term  automation. 
Current  plans  for  separation  minima  application  are  to:  (1)  continue 
the  1979  120-60  nmi/15  min/2000  ft  composite  separations  on  the  OTS 
tracks  and  120  nmi/15  min/ 2000  ft  separations  elsewhere  in  the  NAT  into 
1980;  (2)  establish  60  nmi/15  rain/2000  ft  separations  in  OTS  and  non-OTS 
MNPS  airspace  by  1981;  and  (3)  apply  60  nmi/10  min/2000  ft  separations 
in  1982  and  subsequent  years.  These  separations  assume  continuation  of 
the  present  system  MNPS  standard,  which  includes  a  6.3  nmi  one  sigma 
lateral  navigation  accuracy  specification,  with  allowance  for  expansion 
of  MNPS  airspace  coverage  within  the  total  NAT  area.  The  user  flight 
O&M  cos t s  (i.e.,  fuel,  crew,  and  maintenance  costs)  listed  in  Table  8-2 
represent  the  annual  costs  associated  with  the  specific  separation 
minima  planned  for  the  indicated  year. 

8.2.2  Configuration  2  and  3.  60-30  Composite  with  MNPS  or  MNPS 

(Improved)  and/or  Improved  Vertical  Performance 

The  conditions  outlined  previously  in  Section  4.3  pertaining  to  the 
60-30  nmi  composite  structure  must  be  resolved  prior  to  its  implementa¬ 
tion.  In  this  regard,  the  Aviation  Review  Conmiittee  concurred  on  the 
assumption  that  the  agreed  MNPS  criteria  (rather  than  adjustment  of  the 
separation  minima  based  on  observed  navigation  performance  dt  a  given 
time)  would  be  used  to  justify  a  60-30  composite  structure.  States  are, 
at  present,  certifying  aircraft  to  fly  in  the  NAT  MNPS  airspace  based 
upon  the  MNPS  criteria  and  not  on  a  particular  level  of  aggregated 
observed  performance.  If  significant  changes  in  observed  performance 
were  to  occur,  it  was  assumed  that  the  MNPS  criteria  would  be  changed  in 
an  orderly  manner  to  reflect  new  information  (ref.  1). 

The  OTS  lateral  separation  minima  perhaps  might  be  reduced  in  the 
future  to  a  60-30  nmi  composite  by  international  agreement  without  any 
concurrent  changes  in  technology  and  operating  requirements;  i.e.,  with 
continuation  of  the  present  system's  MNPS  and  HF  SSB  pilot-radio  opera¬ 
tor  air-ground  voice  communication.  Implementation  of  a  60-30  nmi 
composite  OTS  operation  in  this  case  would  be  a  continuation  of  past 
practices  by  which  the  routine,  ongoing  aircraft  position  monitoring  and 
data  gathering  activities  in  the  NAT  have  historically  been  the  basis 
for  justifying  certain  reductions  in  separation.  Allowing  for  the  time 
required  to  reach  agreement  through  the  existing  international  formats 
and  agendas,  the  baseline  separation  minima  are  assumed  to  be  in  effect 
through  1984  with  the  60-30  nmi/10  min/2000  ft  OTS  minima  and  60  nmi 
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non-OTS  lateral  minimum  applied  in  the  1985  through  2005  time  period  for 
Configuration  2.  The  corresponding  user  flight  coats  are  listed  in 
Table  8-3  along  with  the  COM  and  ATS  facility  06M  costa  of  continuing 
the  present  services.  Improvement  capital  and  O&M  costa  would  not  be 
required  by  this  configuration. 

The  Aviation  Review  Committee  in  assessing  Configuration  2  (in 
which  the  current  MNPS  criteria  for  lateral  navigation  accuracy  is 
assumed)  agreed  that  by  using  current  assumptions  for  vertical  perfor¬ 
mance  in  conjunction  with  MNPS  requirements,  a  60-30  composite  track 
structure  would  not,  with  certainty,  assume  an  acceptable  level  of 
safety.  The  Committee  concluded  accordingly  that  the  likelihood  of 
achievement  of  Configuration  2.  was  leas  than  that  of  Configuration  3 
which  assumes  the  application  of  MNPS  (Improved)  and/or  improved 
vertical  performance  (i.e.,  as  demonstrated  or  obligatory  by  a  perfor¬ 
mance  standard)  and  continuation  of  HF  SSB  pilot-radio  operator  air- 
ground  voice  communication  (ref.  1). 

Configuration  3,  as  defined  by  the  Aviation  Review  Committee,  is 
based  on  the  assumption  that  changes  in  the  current  MNPS  criteria  could 
,be  achieved  and/or  changes  in  the  vertical  performance  assumptions  could 
be  justified  such  as  to  make  a  60-30  composite  route  structure  viable. 
Three  possibilities  for  ouch  changes  were  identified: 

(1)  Improvement s  of  lateral  performance  including  incidence 
of  large  deviations  and  subsequent  amendment  of  the 
MNPS  criteria  to  the  point  where  no  changes  were 
required  to  the  current  vertical  performance  assumptions 
(but  it  should  be  noted  that  during  discussions  at  the 
ICAO  9th  Air  Navigation  Conference  the  point  had  been 
made  that  it  was  not  desirable  that  changes  to  MNPS 
criteria  be  made  within  a  time  period  of  ten  years  from 
their  inception,  viz.  from  December  1977). 

(2)  Demonstration,  by  means  of  an  adequate  data  collection 
program,  that  the  vertical  performance  was  sufficiently 
good  that  the  currently  used  vertical  overlap  assumptions 
were  invalid,  and  that  the  effects  of  the  high  probability 
of  lateral  overlap  of  30  nmi  could  be  reduced  to  an 
acceptable  level  when  combined  with  the  probable  vertical 
overlap. 

(3)  A  combination  of  (1)  arid  (?.):  i.e.,  a  reduction  in  the 
lateral  MNPS  criteria  and  a  reduction  of  the  vertical 
overlap  assumptions  to  the  point  where  the  combination 
would  provide  an  acceptable  level  of  safety  (ref.  1). 

Allowing  time  for  the  implementation  of  60-30  nmi  composite  opera¬ 
tions  through  ongoing  position  monitoring,  data  gathering  and  analysis, 
and  international  agreement,  the  application  of  the  60-30  nmi/  10 
min/2000  ft  separation  minima  is  assumed  to  occur  in  1985.  The  corres¬ 
ponding  user  flight  O&M  costs,  and  the  COM  and  ATS  facility  O&M  costs 
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would  be  the  same  as  those  of  Configuration  2  and  are  listed  in  Table 
8-4;  recall  these  costs  are  the  as me  as  those  of  the  baseline  configura¬ 
tion.  Note  that  the  cost  estimates  for  Configuration  3  assume  that 
additional  data  gathering  expenses  would  not  be  required  beyond  those  of 
the  presently  conducted  data  gathering  and  analysis  efforts. 

8.2.3  Configuration  4,  1000  ft  Vertical  Separation  Above  FL  290 

Oceanic  Only 

Reduction  in  the  vertical  separation  minimum  to  1000  ft  above  FL 
290  in  oceanic  airspace  only  without  technological  improvements  might  be 
justified  by  the  results  of  a  special  data  gathering  and  analysis 
program.  The  1000  ft  minimum  would  be  established  by  international 
agreement  and,  according  to  the  Aviation  Review  Committee  consensus  (see 
Section  4),  would  require  the  establishment  of  a  vertical  performance 
specification — PS  (Vertical) — analogous  to  MNPS  assuming  continuation  of 
HF  SSB  pilot-radio  operator  air-ground  voice  communication  and  MNPS. 
Allowing  for  the  time  required  to  reach  international  agreement,  the 
baseline  operation  is  assumed  to  be  in  effect  through  1984  and  the  1000 
ft  separation  rule  is  assumed  to  be  implemented  in  1985  and  continued 
thereafter.  The  corresponding  user  flight  O&M  costs  and  provider 
capital  costs  for  the  special  study  are  presented  in  Table  8-5.  The  COM 
and  ATS  facility  O&M  costs  are  assumed  to  be  the  same  as  those  of  the 
baseline  configuration. 

8.2.4  Configuration  5.  1000  ft  Vertical  Separation  Above  FL  290 

Oceanic  Only  With  Improved  Altimetry 

The  study  may  show  that  the  altimetry  systems  and  height-  keeping 
accuracy  of  current  altimetry  systems  cannot  justify  reductions  to  a 
1000  ft  vertical  separation  minimum  above  FL  290.  In  such  a  case, 
implementation  of  improved  altimetry  and  height-keeping  systems  (e.g., 
special  equipment  calibration  programs,  new  altimetry  systems,  altitude 
hold  systems,  or  possibly  radar  altimetry  for  use  in  oceanic  areas)  and 
establishment  of  PS  (Vertical)  would  be  necessary  to  support  the 
vertical  separation  reduction  with  continuation  of  HF  SSB  pilot-radio 
operator  voice  communications  and  MNPS.  Allowing  time  for  implementa¬ 
tion  of  the  improvements,  the  baseline  system  is  assumed  to  be  in  effect 
through  1988  and  the  1000  ft  separation  above  FL  290  is  assumed  to  be 
implemented  in  1989  and  continued  thereafter.  The  corresponding 
provider  and  user  capital  and  O&M  costs  are  presented  in  Table  8-6.  The 
COM  and  ATS  facility  O&M  costs  are  assumed  to  be  the  same  as  those  of 
the  baseline  configuration. 

8.2.5  Configurations  6  and  7.  1.000  ft  Vertical  Separation  Above 

FL  290  Oceanic  and  Domestic  Airspace  Either  With  or  Without 
Improved  Altimetry  (and  Height-Keeping  Capabilities) 
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COST  SUMMARY  FOR  NAT  CONFIGURATION  4> 

1000  FT  VERTICAL  SEPARATION  ABOVE  FL  240  OCEANIC  ONLY 


The  discussions  presented  in  the  preceding  paragraphs  apply  to 
Configurations  6  and  7  except  chat  the  3cope  of  the  improvement  includes 
domestic  airspace  in  addition  to  oceanic  airspace.  Configurations  6  and 
7  would  obviate  any  potential  problems  of  transition  into  domestic  air¬ 
space  that  may  occur  in  Configurations  4  and  5.  The  Aviation  Review 
Committee  noted  that  such  transition  problems  may  be  difficult  to  over¬ 
come  (ref.  1). 

The  impact  of  the  expanded  geographic  scope  of  the  reduced  vertical 
minimum  on  user  flight  O&M  costs  is  included  in  Tables  8-7  and  8-8  for 
the  two  configurations;  that  is,  the  tables  show  lower  user  flight  cost 
with  1000  ft  vertical  separation  above  FL  290  implemented  in  the  oceanic 
and  domestic  airspaces  rather  than  in  only  oceanic  airspace,  as  antici¬ 
pated. 

8.2.6  Configurations  8  and  9.  Airborne  Separation  Assurance  Device 
With  Either  100%  or  50%  Avionics  Capital  Cost  Allocation 

The  airborne  separation  assurance  device  in  conjunction  with 
improved  navigation  and  continuation  of  HF  SSB  pilot-radio  operator 
voice  communication  would  be  a  possible  means  for  achieving  30  nmi 
lateral  and  5  min  longitudinal  separation  minima  subject  to  agreement  on 
the  operational  suitability  of  the  device.  Such  acceptability  would 
depend  on  the  ability  of  the  ATS  system  to  operate  at  the  reduced  minima 
with  an  acceptable  low  frequency  of  potential  collision  avoidance 
maneuvers.  In  accordance  with  the  operating  requirements  described  in 
Section  4,  the  reduced  minima  would  require  more  precise  system-wide 
navigation  performance  than  currently  exists  and  would  be  expected  to 
require  more  stringent  MNPS  standards.  Specifically,  the  reduction  to 
30  nrai/5  min/2000  ft  separation  minima  is  expected  to  require  an  MNPS 
(Improved)  standard  compatible  with  an  onboard  navigation  system 
accuracy  of  about  3  nmi,  one  sigma  (as  opposed  to  the  current  6.3  nmi 
one  sigma  MNPS  standard;  the  Aviation  Review  Committee  also  considered 
slightly  larger  one  sigma  values,  including  3.65  nmi  (ref.  1).  These 
levels  of  navigation  accuracy  are  assumed  to  be  within  the  capabilities 
of  the  current  generation  of  avionics  equipment  with  allowances  for 
near-term  refinements. 

The  value  of  a  separation  assurance  device  is  primarily  to  compen¬ 
sate  for  the  prospective  effect  of  large  errors  on  collision  risk.  That 
is,  as  noted  by  the  Aviation  Review  Committee,  systems  such  as  the  air¬ 
borne  separation  assurance  device  must  not  be  used  to  compensate  for 
deficiencies  in  normal  navigation  performance,  and  thus  the  distribution 
of  deviations  from  track  due  to  normal  navigation  performance  must  be 
contained,  except  for  the  smallest  residue,  within  half  of  the  lateral 
separation.  Airborne  separation  assurance  could  not  prevent  the  occur¬ 
rence  of  wide  deviations  off  track  for  whatever  reason  (large  errors  and 
blunders),  but  by  appropriate  warnings,  could  afford  protection  against 
the  potential  collision  risk  so  caused  (ref.  1). 


136 


137 


' '  "’V, '»  F II.  I  M»» 


TABLE  8-8 

COST  SUMMARY  FOR  NAT  CONFIGURATION  7> 

1000  FT  VERTICAL  SEPARATION  ABOVE  FL  290  OCEANIC  ANO  DOMESTIC 
WITH  IMPROVED  ALTIMETRY 
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Taking  into  account  development,  demonstration,  and  equippage 
requirements,  the  separation  assurance  device  and  MNPS  (Improved)  are 
assumed  to  be  implemented  for  operational  shake-down  by  1988.  Allowing 
for  a  2-year  operational  shake-down  and  refinement  period,  the  30  nmi/5 
min/2000  ft  minima  are  assumed  to  be  implemented  in  1990  with  the  base¬ 
line  separation  minima  operating  during  the  preceding  1979  through  1989 
time  period.  The  corresponding  provider  and  user  capital  and  O&M  costs 
are  shown  in  Table  8-9  and  8-10  under  the  assumptions  of  100%  and  50% 
separation  assurance  device  user  avionics  capital  cost  allocations  to 
NAT  operations,  respectively.  The  COM  and  ATS  facility  O&M  costs  are 
assumed  to  be  the  same  as  those  of  the  baseline  configuration. 

8.2.7  Configuration  10.  Automatic  Dependent  Surveillance  With 
Network  HF  Data  Link  and  Voice 

Based  on  the  analysis  of  operating  requirements  presented  in 
Section  4,  the  automatic  dependent  surveillance  with  network  HF  data 
link  system,  which  includes  direct  air-ground  data  link  communication 
between  pilot  and  controller  as  well  as  automated  ATC  data  handling, 
controller  displays  and  associated  advanced  ATC  automation,  is  another 
possible  means  of  supporting  30  nmi  and  5  min  lateral  and  longitudinal 
separations  provided  that  MNFS  (Improved)  is  also  implemented;  one-sigma 
navigation  system  accuracy  values  of  3  nmi  and  slightly  larger  (such  as 
3.65  nmi)  were  considered  by  the  Aviation  Review  Committee  (ref.  1). 

The  direct  air-ground  data  link  communication  and  the  automated  data 
handling,  displays  and  associated  advanced  automation  would  provide 
aircraft  surveillance  data  to  enable  timely  potential  conflict  interven¬ 
tion  and  would  be  used  for  controller  intervention  communications.  The 
direct  air-ground  voice  capability  would  facilitate  the  handling  of 
emergency  and  other  contingency  situations. 

The  Aviation  Review  Committee  reached  a  consensus  regarding  the 
need  for  a  demonstration  that  the  distribution  of  along-track  and 
across-track  errors  would  be  compatible  with  an  acceptable  level  of 
safety  for  a  value  of  5  min  and  30  nmi  respectively,  and  stated  that  the 
MNPS  (Improved)  criteria  should  ensure  that  the  main  bodies  of  the 
lateral  navigation  performance  distributions  (i.e.,  as  defined  in  the 
MNPS)  would  not  significantly  overlap  in  the  new  system.  As  regards  the 
tails  of  the  distributions,  the  Committee  agreed  that  an  automatic 
dependent  surveillance  function  would  allow  some  detection  of  large 
errors  such  that  corrective  action  could  be  taken  to  preclude  those 
deviations  from  developing  to  the  point  of  posing  a  collision  risk.  The 
achieved  level  of  detection  and  correction  would  have  to  be  demonstrated 
as  limiting  the  large  errors  to  an  acceptable  level.  Direct  controller- 
pilot  coiranunications  would  allow  real  time  monitoring  and  intervention 
as  necessary  to  assist  in  achieving  and  maintaining  the  5  min 
along-track  minimum  (ref.  1). 
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The  automatic  dependent  surveillance  with  network  HF  data  link  and 
voice,  MNPS  (improved)  and  automated  ATC  data  handling,  controller 
displays  and  associated  advanced  automation  are  assumed  to  be  implemen- 
ted  by  1988  with  a  2-year  operational  Bhake-down  and  refinement  program 
ending  by  1990.  Therefore,  the  baseline  separation  minima  are  assumed 
to  be  in  effect  from  1979  through  1989  and  the  30  nmi/5  min/2000  ft 
separations  are  assumed  to  be  implemented  in  1990  and  continued  through 
the  year  2005.  Allowing  for  the  transition  required  to  prfipdfd  f(Jt  the 
operational  shake-down  phase,  the  provider  0&M  costs  associated  with  the 
technical  improvements  are  assumed  to  begin  in  1987  and  continue  through 
2005.  The  provider  COM  facilities  0&M  costs  are  assumed  to  change  from 
the  baseline  annual  expenses  to  the  lower  improvement  system  expenses  in 
1990  when  the  reduced  separations  are  implemented.  The  provider  ATS 
facilities  O&M  costs  are  assumed  to  be  the  same  as  those  of  the  baseline. 
Provider  ATS  facility  capital  costs  for  automated  data  handling,  displays 
and  associated  automation  are  required,  as  are  capital  and  O&M  costs  for 
the  network  HF  data  link  and  voice  system  development  and  implementation. 
The  user  capital  and  O&M  costs  for  avionics  improvements  are  assumed  to 
begin  in  1985  to  allow  for  a  fully  equipped  fleet  by  1990.  The  corres¬ 
ponding  provider  and  user  capital  and  O&M  costs  are  shown  in  Table  8-11. 

8.2.8  Configuration  11.  Configuration  10  +  Airborne  Separation 
Assurance  Device  With  50%  Avionics  Capital  Cost  Allocation 

The  Aviation  Review  Committee  has  pointed  out  that,  if  a  detailed 
examination  of  Configuration  10  could  not  demonstrate  that  the  level  of 
detection  of  errors  would  be  sufficient  to  justify  the  proposed  reduc¬ 
tion  in  separation  minima,  alternative  courses  of  action  would  be  avail¬ 
able,  including  changes  in  the  MNPS  and  separation  minima.  However,  the 
Committee  also  agreed  that  a  configuration — Configuration  11 — could  be 
defined  as  being  identical  to  Configuration  10  except  that  Configuration 
11  would  involve  the  addition  of  an  airborne  separation  assurance  device 
which  could  protect  against  potential  collision  risk  otherwise  associa¬ 
ted  with  the  undetected  large  errors.  The  airborne  separation  assurance 
device  with  the  50%  user  avionics  capital  cost  allocation  to  NAT  opera¬ 
tions  was  identified  by  the  Committee  for  further  study  (ref.  1). 

The  Configuration  11  provider  and  user  capital  and  O&M  costs  shown 
in  Table  8-12  assume  that  automatic  dependent  surveillance  and  airborne 
separation  assurance  device  operations  will  commence  in  1990  after 
completion  of  the  appropriate  implementation  and  shakedown  programs. 

The  user  flight  costs  shown  in  Table  8-12  correspond  to  the  continuation 
of  the  baseline  separation  minima  through  1989  and  the  use  of  the  30 
nmi/5  min/2000  ft  separations  in  1990  through  2005. 

8.2.9  Configuraion  12,  13,  and  14.  Simpl'  HF  Network  HF  Data  Link 

and  Voice  With  and  Without  Separation  Minima  Reduction 
and  With  and  Without  Airborne  Separation  Assurance  Device 
With  50%  Avionics  Capital  Cost  Allocation 
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TABLE  8-11 

COST  SUMMARY  FOR  NAT  CONFIGURATION  I0> 

AUTOMATIC  DEPENDENT  SURVEILLANCE  WITH  NETNORK  HF  DATA  LINK  AND  VOICE 
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The  simple  network  HF  data  link  and  voice  operation  would  provide  a 
means  for  establishing  automatic  dependent  surveillance  by  transmitting 
direct  air-ground  messages  automatically  using  a  less  complex  network  HF 
operation  than  that  previously  addressed  by  Configuration  10  and  employ¬ 
ing  automated  ATC  data  handling,  controller  displays,  and  associated 
advanced  ATC  automation.  This  network  data  link  and  voice  operation 
would  require  fewer  COM  station  HF  radio  operators  than  the  current  HF 
voice  system  but  would  incur  capital  and  O&M  costs  associated  with  HF 
ground  and  avionics  aircraft  communication  equipment  and  provider 
capital  Costs  associated  with  automated  data  handling,  displays,  and 
automation  at  the  ATS  facilities.  As  directed  by  the  Aviatibn  Review 
Committee  (ref.  1),  the  simple  network  HF  data  link  and  voice  improve¬ 
ment  is  examined  under  the  following  three  operating  assumptiohs  for 
Configurations  12,  13  and  14,  respectively:  (1)  without  separation 
minima  reductions  (i.e.,  the  baseline  minima  are  assumed  to  apply),  and 
(2)  with  separation  minima  reductions  to  30  nmi/5  min/2000  ft  in  1993 
with  MNPS  (improved),  and  (3)  identical  to  (2)  except  for  the  addition 
of  the  airborne  separation  assurance  device  with  50%  avionics  capital 
cost  allocation. 

The  Aviation  Review  Committee  agreed  that  Configurations  12,  13  and 
14  were  considered  viable  as  relatively  early  attainable  steps  toward 
the  attainment  of  improved  ATC  with  the  capability  of  increased  tactial 
intervention.  The  Committee  stated  that  Configuration  12  had  to  be 
considered  a  viable  improvement  option  if  only  for  the  benefits  of 
improved  communications  and  automatic  dependent  surveillance,  and  hence, 
its  potential  as  compared  with  HF  SSB  air-ground  voice  to  detect  certain 
kinds  of  ATC  loop  errors  and  other  large  errors.  It  would  be  necessary 
that  the  simple  network  HF  data  link  system  realize:  a  reliability  (in 
continuous  operation)  equal  to  or  better  than  current  HF  SSB  voice 
communications;  a  flexibility  and  redundancy  in  the  communications  path 
equal  to  or  better  than  the  current  HF  SSB  voice  communications;  a 
sufficient  predictability  in  its  availability  to  enable  alternative 
procedures  to  be  invoked  when  necessary;  a  suitable  interface  with 
Extended  Range  VHF  coverage,  which  would  require  some  study  of  the 
issues  involved  (ref.  1). 

The  Coimnittee  agreed  that  Configuration  13  extended  the  advantages 
of  Configuration  12  to  reflect  a  reduction  of  separation  minima  to 
30nmi/5  min/2000  ft  achieved  through  MNPS  (Improved)  by  1993.  This 
configuration,  building  as  it  did  on  Configuration  12,  was  aimed  at 
providing  the  controller  with  airborne  derived  MNPS  (improved)  position 
data.  The  Committee  stated  that  Configuration  14,  with  an  airborne 
separation  assurance  device,  would  have  further  protection  in  those 
infrequent  situations  when  the  device  was  activated,  and  the  device 
would  provide  primary  protection  against  collision  if  the  data  link 
system  failed.  The  Committee  noted  that  any  communications  improvement 
providing  data  link  would  facilitate  direct  pilot-controller  communica¬ 
tions  and  consequently  the  more  efficient  use  of  staff  (ref.  1). 
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In  regard  t>  the  simple  network  HF  data  link  and  voice  without 
separation  minima  reduction  of  Configuration  12,  ground  system  implemen¬ 
tation  of  the  communication  and  automated  ATC  data  handling,  controller 
displays  and  associated  advanced  ATC  automation  functions  is  assumed  to 
be  completed  in  1987.  Single  HF  avionics  installation  is  assumed  to 
occur  gradually  beginning  in  1985,  with  full  fleet  equippage  occurring 
in  1991.  Partial  data  link  and  voice  service  13  assumed  to  begin  in 
1987,  involving  the  compatibly  equipped  aircraft  and  that  part  of  the 
ground  system  that  is  operational,  with  full  service  with  all  aircraft 
beginning  ill  1992.  The  size  of  the  COM  stations  radio  operator  Staffs 
is  assumed  to  decrease  linearly  during  the  1987  through  1991  transition 
from  present  system  to  full  simple  network  HF  data  link  and  voice  opera¬ 
tions.  Table  8-13  shows  the  provider  and  user  capital  and  O&M  cost 
estimates  for  Configuration  12. 

In  regard  to  the  simple  network  HF  data  link  and  voice  with  separa¬ 
tion  minima  reduction  of  Configuration  13,  the  decision  to  evolve  to  the 
30  nmi  lateral  and  5  min  longitudinal  minima  is  assumed  to  be  made 
before  1990  and  would  be  baaed  on  observations  of  the  performance  of 
Configuration  12.  Evolution  from  Configuration  12  to  13  would  require 
establishment  of  dual  simple  network  HF  avionics  and  MNPS  (Improved). 
Installation  of  the  second  HF  avionics  units  on  board  all  aircraft  is 
assumed  to  occur  during  1990  through  1992.  This  schedule  would  enable 
system  performance  shake-down  and  check-out  prior  to  1993  of  the  simple 
network  HF  data  link  and  voice  with  MNPS  (Improved)  and  at  least  single 
unit  avionics  equippage  for  the  full  fleet  and  dual  unit  avionics  equip¬ 
page  for  part  of  the  fleet.  The  30  nmi/5  min/2000  ft  separation  minima 
are  assumed  to  begin  in  1993.  Table  8-14  shows  the  provider  and  user 
capital  and  O&M  coat  estimates  for  Configuration  13. 

In  regard  to  the  simple  network  HF  data  link  and  voice  with  separa¬ 
tion  minima  reductions  and  with  the  airborne  separation  assurance  device 
with  the  50%  avionics  capital  cost  allocation  of  Configuration  14,  the 
separation  assurance  device  avionics  are  assumed  to  be  installed  during 
1988  through  1990.  This  installation  program  would  be  in  addition  to 
the  avionics  required  for  Configuration  12  and  13,  and  would  allow  for  a 
2-year  shakedown  during  1991  and  1992  of  operations  with  the  airborne 
separation  assurance  device.  The  30  nmi/5  min/2000  ft  separation  minima 
are  assumed  to  begin  in  1993.  Table  8-15  shows  the  provider  and  user 
capital  and  O&M  cost  estimates  for  Configuration  14. 

8.2.10  Configurations  15  and  16.  Automatic  Dependent  Surveillance 
With  Satellite  Data  Link  and  Voice  With  and  Without  Airborne 
Sep  ration  Assurance  Device  With  50%  Avionics  Capital 
Cost  Allocation 

The  automatic  dependent  surveillance  with  satellite  data  link  and 
voice,  in  conjunction  with  MNPS  (Improved),  and  the  direct  air-ground 
communications  and  automated  ATC  data  handling,  controller  displays  and 
associated  advanced  ATC  automation,  also  is  a  possible  means  of  imple¬ 
menting  30  nmi  lateral  and  5  min  longitudinal  separations.  The  discus¬ 
sion  presented  in  the  preceding  paragraphs  for  the  HF  system  relevant  to 
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TABLE  8-14 

COST  SUMMARY  FOR  NAT  CONFIGURATION  IJt 

SIMPLE  NETWORK  Hf  DATA  LINK  AND  VOICE  WITH  SEPARATION  MININA  REDUCTION 
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operations  with  and  without  the  airborne  separation  assurance  device 
also  apply  to  these  configurations.  A  2-year  shake-down  is  assumed  in 
1988  and  1989  with  two  satellites  (one  a  back-up)  in  orbit  and  a  third 
(spare)  satellite  on  the  ground.  The  30  nmi/5  min/2000  ft  separations 
are  assumed  to  be  implemented  in  1990  and  thereafter.  The  baseline 
operation  is  assumed  to  be  in  effect  during  the  1979  through  1989  time 
period.  The  corresponding  provider  and  user  O&M  costs  are  shown  in 
Table  8-16,  for  Configuration  15  (i.e..  without  the  airborne  sepaf&tidtl 
assurance  device)  and  in  Table  8-17  for  Configuration  16  (i.e.,  with  the 
airborne  separation  assurance  device  with  the  50%  avionics  Capital  Cofit 
allocation  to  NAT  operations). 

» 

8.2.11  Configurations  17  and  18.  Automatic  Dependent  Surveillance 
With  Satellite  Data  Link  Only  With  and  Without  Airborne 
Separation  Assurance  Device  With  50%  Avionics  Capital 
Cost  Allocation 

The  fundamental  automatic  dependent  surveillance  and  direct  pilot- 
controller  communication  might  be  achieved  by  a  satellite  digital  data 
link  without  voice  communication  capability  as  is  assumed  in  Configura¬ 
tion  17  which  is  without  the  airborne  separation  assurance  device.  The 
direct  air-ground  data  link-only  communications  operation  would  provide 
the  basic  aircraft  position  data  necessary  to  support  establishment  of 
30  nmi  lateral  and  5  min  longitudinal  separation  minima  in  1990  in 
conjunction  with  MNPS  (Improved).  This  configuration  would  follow  the 
same  operational  concepts  and  implementation  programs  defined  for  the 
automatic  dependent  surveillance  with  satellite  data  link  and  voice 
(i.e..  Configuration  15)  except  that  capital  and  O&M  costs  would  be  less 
because  satellite  voice  communication  facilities  are  not  provided.  The 
Configuration  17  cost  estimates  are  shown  in  Table  8-18. 

The  Aviation  Review  Committee  determined  that  a  configuration 
should  be  evaluated  that  is  identical  to  Configuraion  17  but  with  the 
addition  of  an  airborne  separation  assurance  device  with  50%  avionics 
capital  cost  allocation  to  NAT  operations  (ref.  1).  The  resulting 
Configuration  18  would  provide  for  the  case  that  the  level  of  detection 
of  errors  of  Configuration  17  would  not  be  sufficient  to  justify  the 
proposed  reduction  in  separation  minima.  The  Configuration  18  cost 
estimates  are  shown  in  Table  8-19. 

The  Committee  noted  that  the  validity  of  Configurations  17  and  18 
depended  critically  on  the  acceptability  of  the  postulated  data  link 
only  satellite  system.  The  Committee  could  not  resolve  this  issue,  but 
there  was  no  enthusiasm  for  the  prospect  of  abandoning  the  voice 
facility,  which  would  be  provided  through  the  residual  HF  capability 
(ref.  1). 
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8.2*12  Configuration  19.  Cooperative  Independent  Surveillance 
With  Multiple  Satellite  Data  Link  and  Voice 

Eatablishment  of  15  nmi  lateral  and  2  min  longitudinal  separation 
minima,  discussed  in  Section  4,  requires  high  air-ground  data  flow 
rates  and  aircraft  position  monitoring  data  fidelity  such  as  provided  by 
the  independent  cooperative  surveillance  with  multiple  satellite 
technology,  the  associated  direct  air-ground  data  link  and  voice  com¬ 
munications,  and  automated  ATC  data  handling,  controller  displays  and 
associated  advanced  automation.  The  reduced  minima  would  require  the 
implementation  of  advanced  MNPS  (i.e.,  more  stringent  than  improved 
MNPS)  to  provide  the  navigation  accuracies  necessary  to  limit  controller 
potential  conflict  to  a  reasonable  rate  of  occurrence.  The  application 
of  15  nmi  and  2  min  separation  minima  are  expected  to  require  an  MNPS 
(Advanced)  standard,  which  specifies  a  one  sigma  navigation  accuracy  of 
about  1.5  nmi.  This  level  of  navigation  accuracy  likely  would  not  be 
achieved  by  near-term  refinements  to  the  current  generation  of  avionics 
equipment,  in  which  case  advanced  avionics  would  be  required.  The 
detailed  analysis  of  design  alternatives  and  costs  for  advanced 
navigation  is  not  within  the  scope  of  this  study,  and  therefore 
component  cost  estimates  for  such  technology  have  not  been  obtained 
(although  estimated  rough  overall  costs  are  provided  in  Section  9  of 
this  report).  However,  if  advanced  navigation  systems  are  provided  as 
part  of  future  domestic  ATS  system  development,  the  costs  of  advanced 
avionics  for  aircraft  flying  in  the  NAT  may  be  assumed  to  be  allocated 
all  or  in  part  to  domestic  requirements.  Also,  advanced  navigation 
systems  might  be  introduced  as  part  of  the  normal  equipment  replacement 
cycle. 


The  development  and  operational  implementation  of  advanced  avionics 
and  the  associated  MNPS  (Advanced)  standard  is  assumed  to  be  possible  in 
1995,  and,  for  the  purposes  of  this  study,  the  15  nmi/2  min/2000  ft 
separations  are  assumed  to  be  effected  in  1995  and  not  possible  earlier. 
This  implementation  schedule  allows  for  a  2-year  shake-down  phase  in 
1993  and  1994  with -three  satellites  (one  a  back-up)  in  orbit  and  a 
fourth  (spare)  satellite  on  the  ground.  The  baseline  separation  minima 
are  assumed  to  be  in  effect  from  1979  through  1994  and  the  15  nmi/2 
min/2000  ft  separation  minima  are  assumed  to  be  applied  from  1995 
through  2005.  The  provider  O&M  costs  associated  with  the  improved 
technology  are  assumed  to  be  incurred  beginning  in  1993  with  the 
baseline  COM  and  ATS  O&M  costs  remaining  in  effect  until  1995,  at  which 
time  the  COM  facilities  O&M  annual  coats  are  lowered  to  reflect  improve¬ 
ment  system  operations.  The  provider  ATS  facilities  O&M  costs  are 
assumed  to  be  the  same  as  those  of  the  baseline,  and  provider  ATS 
facility  outlays  for  automated  data  handling,  displays  and  associated 
automation  are  included  as  capital  costs.  These  capital  costs  are  in 
addition  to  those  provider  capital  costs  required  for  the  improvement 
system  development  and  implementation.  The  user  capital  and  O&M  costs 
for  avionics  associated  with  conanunication  system  improvements  are 
assumed  to  start  in  1990  to  allow  for  a  fully  equipped  fleet  by  1995. 

The  corresponding  provider  and  user  O&M  costs  are  shown  in  Table  8-20. 
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COST  SUMMARY  FOR  NAT  CONFIGURATION  19* 

COOPERATIVE  INDEPENDENT  SURVEILLANCE  WITH  MULTIPLE  SATELLITE 
DATA  LINK  AND  VOICE 
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In  regard  to  the  cost  entimaiieo  for  Configuration  19,  the  Aviation 
Review  Committee  observed  Chat  certain  expenditures  may  be  underestima¬ 
ted  because:  •  the  MNPS  (Advanced)  might  nrove  costly  in  terms  of  air¬ 
craft  equipment;  the  provider  cost  estimates  were  baaed  on  satellite 
sharing  (as  calculated  in  Section  5)  whereas  dedicated  satellites  might 
be  necessary  and  would  be  significantly  more  expensive;  there  might  be 
cost  problems  with  aircraft  antennas  because  of  a  need  to  transmit 
simultaneously  to  two  satellites;  and,  to  give  full  cover  near  to  the 
Poles  and  to  achieve  satisfactory  position-fixing  accuracy  near  to  the 
equator,  a  costly  combination  of  geo-stationary  and  polar-orbiting 
satellites  would  be  necessary  and  the  operating  and  maintenance  costs  of 
such  an  arrangement  would  require  study  (ref.  1). 

With  these  and  other  considerations  in  mind,  the  Committee  recog¬ 
nized  that,  for  these  configurations,  application  must  be  considered  on 
a  world-wide  basis.  The  advantages  of  such  a  more  general  application 
were  that:  it  would  help  to  resolve  the  transition  problems  at  the 
boundaries  between  Oceanic  and  Domestic  areas,  and  at  Che  NAT/CAR, 
NAT/South  America  (SAM)  and  similar  boundaries;  it  would  provide  a  means 
of  eliminating  other  deficiencies  which  currently  existed  in  many  ICAO 
Regions  of  the  world;  it  would  enhance  safety  because  its  "independence" 
would  uniquely  help  to  eliminate  some  otherwise  undetectable  aircraft 
position  errors;  even  for  areas  where  radar  coverage  already  existed  it 
might  eventually  provide  a  more  cost  effective  means  of  surveillance;  it 
would  reduce  the  cost  impact  of  providing  dedicated  satellites  since 
their  common  coverage  area  could  be  shared  between  a  number  of  discrete 
regions;  and  it  would  provide  a  means  of  monitoring  airspace  system 
performance  whereby  compliance  with  separaton  minima  could  be  confirmed 
(ref.  1). 


8.2.13  Configuration  20.  Configuration  19  +  Clearance  Control 
Procedures  Permitting  Exploitation  of  Free  Flight  in  the 

Vertical  Plane 

The  Aviation  Review  Committee  invited  the  UK  to  assess  and  intro¬ 
duce  a  configuration  that  exploited  free  flight  in  the  vertical  plane 
based  on  the  operational  capabilities  afforded  by  Configuration  19  (ref. 
1).  The  UK  response,  which  describes  Configuration  20,  is  presented 
with  minor  editorial  revisions  in  the  following  paragraph. 

The  Aviation  Review  Committee  raised  the  question  of  the  cost 
benefit  to  be  obtained  from  a  change  in  control  procedure  on  the  North 
Atlantic  to  enable  all  aircraft  to  execute  a  step-climb  or  cruise  climb 
procedure  at  the  option  of  the  operator,  i.e.,  to  change  to  an  effec¬ 
tively  single  layer  system  no  longer  using  separation  in  the  vertical 
plane.  One  important  proviso  is  that  horizontal  separation  standards 
must  first  be  reduced  sufficiently  to  maintain  adequute  capacity  for  the 
traffic;  that  is  the  number  of  3iot3  in  the  system  must  be  comparable 
with  the  current  multi-layer  system.  One  system  which  is  adequate  in 
this  regard  is  Configuration  19  in  which  lateral  and  longitudinal  sepa¬ 
ration  standards  are  assumed  to  be  reduced  to  13  nmi  and  2  min  respec¬ 
tively  in  1995  by  use  of  cooperative  independent  surveillance.  It  was 
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recommended  that  a  new  Configuration  20  should  be  added  in  which  the 
separation  standards  remain  as  in  Configuration  1.9,  but  the  control 
procedure  is  amended  so  as  to  bring  into  existence  the  single-layer 
system.  Specifically  this  implies  a  clearance  control  procedure  whereby 
no  two  aircraft  are  admitted  to  a  single  track  without  adequate  longi¬ 
tudinal  separation,  whatever  their  respective  altitudes  (unless  their 
natural  altitude  separation  is  large).  The  Configuration  19,  like  all 
other  Configurations  addressed  in  this  study,  imply  clearance  control 
procedures  similar  to  those  in  current  use  (ref.  2). 

The  Configuration  20  provider  and  user  cost  estimates,  except  for 
user  flight  costs,  would  be  the  same  as  those  of  Configuration  19  and 
are  shown  in  Table  8-21.  The  UK  did  not  provide  data  describing  annual 
user  flight  costs  corresponding  to  single  layer  operations,  and,  since 
the  FCM  was  not  specified  to  analyze  single  layer  operations,  such  cost 
data  is  not  available  and  is  not  shown  in  Table  8-21.  However,  the  UK 
did  provide  an  estimate  of  single  layer  user  flight  cost  savings  for  a 
multi-year  period  which  are  presented  in  Section  9. 

8.2.14  Configurations  21.  Configuration  19  +  60-30  Composite 

An  improvement  configuration  was  considered  based  on  the  assumption 
that  the  60-30  nmi  OTS  composite  separation  minima  with  MNPS  and  HF  SSB 
voice  communication  of  Configuration  2  are  implemented  in  1985,  and  that 
the  previously  identified  improvements  associated  with  Configuration  19, 
including  15  nmi  lateral  and  2  min  longitudinal  minima  starting  in  1995, 
are  implemented  separately  as  part  of  Configuration  21.  The  Aviation 
Review  Committee  noted  however,  that  uncertainties  stand  in  the  way  of 
implementing  60-30  nmi  composite  as  described  in  Section  8.2.2  (ref. 

1).  The  Configuration  21  cost  estimates  are  shown  in  Table  8-22. 
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TABLE  8-21 

COST  SUMMARY  FOR  NAT  CONFIGURATION  20  • 
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9.0  NAT  CONFIGURATIONS  COST  COMPARISONS 


9. 1  Coat  Data  for  Comparisons 

The  user  and  provider  capital  and  O&M  estimated  total  costs  for  the 
1979  through  2005  time  period  for  each  configuration  are  summarized  in 
Table  9-1.  These  total  cost  estimates  were  obtained  by  summing  the 
corresponding  annual  cost  estimates  presented  in  Section  8.  The  data  in 
Table  9~1  are  stated  in  1979  US$  (i.e.,  1979  prices  are  applied  in  each 
year)  and  do  not  include  inflationary  effects.  To  provide  a  meaningful 
cost  comparison  in  this  section,  the  cost  data  will  be  inflated  in  each 
year  of  outlay  based  on  the  assumptions  that  fuel  costs  will  increase  at 
a  10%  annually  compounded  rate  and  all  other  costs  (capital  and  non-fuel 
O&M  expenditures)  will  increase  at  an  8%  annually  compounded  rate 
beginning  in  mid-1979. 

Another  factor  that  must  be  considered  in  cdmparing  configuration 
costs  is  the  timing  of  an  investment  or  other  expenditure.  A  decision 
to  invest  in  an  alternative  in  a  given  year  foregoes  the  opportunity  to 
invest  that  same  money  in  a  competing  alternative  and  at  a  later  time. 
The  money  could  have  been  invested  in  an  interest-bearing  account,  for 
example,  or,  equivalently,  in  a  revenue  producing  asset  during  the  time 
period  under  study.  The  question  arises  as  to  how  to  detetrmiiie  the 
relative  value  of  a  dollar  spent  today  (or  any  given  year)  versus  a 
dollar  spent  in  a  subsequent  year  and  taking  into  account  the  revenue 
producing  value  of  the  investments  over  time.  Traditionally,  investment 
projects  are  evaluated  by  expressing  all  present  (i.e.,  base  year)  and 
future  expenses  and  revenues  as  if  they  all  occurred  today.  This 
process,  termed  discounting,  results  in  estimating  the  present  value  of 
expenses  and  revenues.  For  example,  the  present  value  of  $100  two  years 
from  today,  assuming  a  10%  discount  rate  (or  rate  of  return  or  interest 
rate),  is  $82.64. 

The  present  value  procedure  will  be  used  to  compare  the  total  cost 
of  each  configuration  accumulated  over  the  1979  through  2005  study 
period,  and  involves  discounting  and  summing  the  expenditures  estimated 
in  each  and  every  year  to  their  mid-1979  base  year  present  value.  A 
single  present  value  total  cost  will  be  obtained  for  each  configura¬ 
tion.  Since  the  discount  rate  should  represent  the  rate  of  return 
expected  by  the  investor,  a  10%  discount  rate  is  assumed  for  provider 
authority  costs  and  a  12%  discount  rate  is  assumed  for  user  costs.  The 
discount  and  inflation  rates  are  sunmarized  in  Table  9-2. 
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Table  9-2 


ASSUMED  INFLATION  AND  DISCOUNT  RATES 


Coat  Category 
Fuel 
Other 

Investor 

User 

Provider 


Inflation  Rate 
10Z 
8% 

Discount  Rate 
12Z 
10Z 


Source:  The  Indicated  rates  are  estimated  by  SRI  International 
from  long-term  forecasts  developed  by  Chase 
Econometrics. 
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The  present  value  calculation  process  used  in  this  analysis 
includes  an  annualization  (i.e.,  amortization  or  capitalization)  of 
capital  costs  over  the  life  of  the  capital  equipment.  The  annualization 
life  for  each  user  and  provider  capital  cost  is  assumed  to  be  20  years, 
except  for  satellite  space  segment  capital  costs,  which  are  annualized 
over  a  7  year  period.  The  annualization  process  translates  each  capital 
cost  into  an  equivalent  stream  of  annual  costs  over  the  life  of  the 
equipment,  which  are  discounted  to  their  present  value.  Capitalized 
annual  costs  that  are  allocated  into  the  years  after  2005  are  not 
included  in  the  present  value  total  costs  because  their  corresponding 
revenues  (e.g.,  reduced  user  costs)  are  not  represented  in  the  years 
outside  the  1979  through  2005  study  period.  As  a  result,  part,  but  not 
all,  of  the  discounted  value  of  certain  capital  outlays  made  during  the 
latter  years  in  the  study  period  are  included  in  the  present  value 
totals.  Apart  from  the  capital  costs,  all  O&M  costs  originally  were 
estimated  on  an  annual  basis  and  their  full  discounted  values  are 
included  in  the  present  value  totals. 

9.2  Present  Value  Cost  Comparison 

The  1979  present  values  of  the  outlays  during  the  1979  through  2005 
time  period  for  each  configuration  are  shown  in  Table  9-3.  Table  9-4  is 
a  simplified  version  of  Table  9-3,  and  was  constructed  by  combining  the 
Table  9-3  data  into  user  and  provider  capital,  O&M  and  total  cost  cate¬ 
gories.  These  costs  include  inflation  effects.  The  user  capital  costs 
represent  aircraft  equipment  improvements,  and  user  operating  costs 
include  the  improvement  O&M  costs  plus  the  fuel,  crew,  and  maintenance 
flight  costs.  Provider  capital  costs  represent  the  improvement  imple¬ 
mentations,  and  provider  operating  costs  include  the  improvement  O&M 
outlays  plus  the  COM  and  ATS  facility  O&M  costs. 

While  the  discounted  costs  shown  in  Tables  9-3  or  9-4  enable 
comparisons  between  the  total  study  period  expenditures  of  implementing 
each  configuration,  a  convenient  analysis  of  the  relative  efficiencies 
of  the  configurations  may  be  made  by  examining  the  cost  differences 
between  configurations.  For  this  purpose,  the  1979  present  values  of 
the  net  savings  achievable  by  each  configuration  relative  to  the  base¬ 
line  configuration  are  shown  in  Table  9-5.  These  savings  data  simply  are 
the  baseline  configuration  cost  entries  in  Table  9-3  minus  the  corres¬ 
ponding  cost  entries  of  each  alternative  configuration.  Table  9-6  is  a 
simplified  version  of  Table  9-5,  and  shows  the  discounted  net  savings 
data  arranged  into  user  and  provider  capital,  0&M  and  total  cost  cate¬ 
gories. 

Recall  that  user  flight  costs  for  Configuration  20,  which  includes 
clearance  control  procedures  permitting  exploitation  of  free  flight  in 
the  vertical  plane,  were  not  based  on  FCM  evaluations.  Rather  the 
present  value  of  the  user  flight  cost  savings  during  1979  through  2005 
were  provided  by  the  UK  with  the  following  explanation:  The  results  in 
terms  of  cost  saving  for  Configuration  20  amount  to  a  decrease  in  opera¬ 
ting  cost  of  $108  million  arising  from  the  change  to  the  single  layer 
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system  and  a  decrease  in  operating  cost  of  $192  million  due  to  the 
reduction  in  separation  standards  (the  latter  figure  is  somewhat  lower 
than  the  corresponding  decrease  for  Configuration  19;  this  is  because 
the  more  restrictive  entry  control  procedure  leads  to  a  greater  inci¬ 
dence  of  lateral  deviations  in  the  system).  However,  the  sura  total  of 
$300  million  shows  a  substantial  gain  in  favour  of  the  single  layer 
system  variant  (ref.  1).  The  $300  million  is  used  for  the  user  flight 
O&M  total  cost  saving  shown  in  Table  9-5  for  Configuration  20. 

9.2.1  1000  ft  Vertical  Separation  Above  FL  290 

In  Table  9-6,  the  right-hand  total  cost  column  includes  the  net 
savings  associated  with  the  vertical  separation  minimum  reduction  to 
1000  ft  in  oceanic  (Configuration  4)  and  in  oceanic  and  domestic  air¬ 
space  (Configuration  6)  in  1985  without  altimetry  system  and  height 
keeping  improvements.  These  configurations  obtain  net  savings  of  $448 
and  $609  million  respectively.  These  savings  are  somewhat  reduced  if 
altimetry  improvements  (and  their  associated  user  capital  and  O&M  costs) 
are  required  and  implementation  is  delayed  to  1988  (i.e.,  Configurations 
5  and  7).  The  savings  are  still  very  large  at  $387  and  $528  million 
respectively. 

The  capital  and  O&M  cost  estimates  for  altimetry  improvements  (see 
Section  5)  are  based  on  limited  information  concerning  the  specific 
technological  approaches  likely  to  be  used.  These  improvement  cost 
estimates  are  subject  to  revision  and  an  examination  of  the  resulting 
impact  of  such  revisions  on  their  present  value  net  savings  is  appro¬ 
priate.  For  example,  if  the  capital  costs  for  the  aircraft  equipment 
associated  with  Configurations  5  and  7  were  underestimated  by  a  factor 
of  two  or  if  the  inflation  effects  were  similarly  underestimated,  the 
net  increase  in  user  capital  costs  ($11  million)  shown  in  Table  9-6 
should  be  doubled.  This  calculation  will  reduce  net  savings  slightly, 
but  the  savings  will  remain  very  large,  indicating  that  the  1000  ft 
vertical  separation  minimum  is  meaningfully  attractive  in  economic 
terms.  The  same  conclusion  would  be  developed  if  the  net  savings  sensi¬ 
tivities  to  variations  in  user  operating  costs  were  similarly  examined 
(i.e.,  doubling  user  avionics  0&M  costs  would  not  significantly  alter 
the  net  savings  results). 

9.2.2  Separation  Assurance  Device 

The  implementation  of  the  separation  assurance  device  with  100% 
avionics  capital  cost  allocation  to  NAT  operations  (Configuration  8), 
MNPS  (Improved),  and  30  nmi/5  min/2000  ft  separation  minima  in  1990  also 
shows  a  significant  net  savings  of  $102  million.  In  this  case,  the  user 
capital  cost  net  increase  ($64  million)  and  provider  capital  cost  net 
increase  ($1  million)  is  more  than  offset  by  the  large  net  savings  in 
user  operating  costs  ($167  million).  Even  if  the  user  capital  costs 
were  underestimated  by  50%  (i.e.,  capital  cost  net  increases  are 
actually  half  again  those  indicated),  significant  net  savings  still 
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would  be  obtained,  which  indicates  that  this  configuration  is  econom¬ 
ically  attractive.  The  separation  assurance  device  with  50%  avionics 
capital  cost  allocation  to  NAT  operation  (Configuration  9)  would  further 
increase  the  economic  gains  because  of  lower  capital  costs  relative  to 
the  100%  allocation  as  indicated  by  the  net  savings  of  $134  million 
shown  in  Table  9-6. 

9.2.3  60-30  nmi  Composite 

The  implementation  of  the  60-30  nmi/10  min/ 2000  ft  OTS  composite 
minima  (Configuration  2)  in  1985  without  technological  improvements 
shows  a  net  savings  of  $78  million.  This  operation  assumes  that  current 
navigation  systems  accuracies  will  support  the  reduced  minima.  However, 
the  conditions  outlined  previously  in  Section  4.3  regarding  the  60-30 
nmi  composite  structure  must  be  resolved  prior  to  its  implementation. 

9.2.4  HF  and  Satellite  Improvements 

The  configurations  involving  automatic  dependent  surveillance  with 
30  nmi/5  min/ 2000  ft  separations,  cooperative  independent  surveillance 
with  15  nmi/2  min/2000  ft,  and  related  technological  combinations  and 
derivatives  (i.e.,  Configurations  10  through  21)  all  show  a  net  savings 
in  total  costs  in  Table  9-6.  The  capital  and  O&M  cost  estimates  made 
for  these  potential  improvements  were  based  on  a  number  of  data  sources 
and  a  variety  of  assumptions  addressing  numerous  technical  components 
and  changes  in  these  assumptions  could  revise  the  estimated  costs.  Such 
revisions  could  also  affect  net  savings.  Therefore,  an  examination  of 
the  sensitivity  of  the  net  cost  savings  to  parametric  adjustments  to 
some  key  component  costs  is  appropriate  and  is  addressed  in  the  fol¬ 
lowing  paragraphs. 

9.3  Sensitivity  Analysis  of  Selected  Improvement  Costs 

The  magnitude  of  several  important  system  design  parameters  and 
associated  costs  may  change  significantly  based  on  additional  informa¬ 
tion  in  the  future  and  on  further  detailed  analysis.  These  parameters 
include  aircraft  fleet  size,  satellite  spacecraft  and  avionics  equipment 
design  and  costs,  and  ATS  facility  0&M  costs. 

9.3.1  Aircraft  Fleet  Size 

Since  the  aircraft  coimnunications  equipment  improvement  capital 
cost  (which  is  a  linear  function  of  fleet  size)  is  a  large  part  of  any 
system  considered,  20%  and  40%  reductions  in  user  capital  costs  are 
examined  for  sensitivity  analysis  purposes.  The  net  cost  results  for 
these  two  cost  reduction  respectively  are  shown  in  Table  9-7  and  9-8. 
Comparisons  of  these  tables  with  Table  9-6  shows  that  the  20%  reduction 
in  fleet  size  furthers  net  savings  by  4%  to  26%,  and  the  40%  reduction 
in  fleet  size  furthers  net  saings  by  8%  to  over  50%. 
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9.3.2  User  Avionics  Capital  Coats 

The  capital  equipment  costs  of  the  avionics  system  may  vary.  For 
example,  it  may  be  found  that  the  proposed  HF  antenna  couplers  or  modems 
may  be  more  expensive  than  estimated.  An  extreme  underestimate  might 
increase  retrofit  aircraft  costs  by  $40  to  $30  thousand  per  aircraft 
although  increases  of  $10  to  20  thousand  per  aircraft  probably  bound  the 
cost  uncertainties.  Similarly,  a  requirement  to  place  L-band  amplifiers 
in  an  avionics  rack  far  from  the  antenna  could  increase  satellite  data 
and  voice  avionics  by  several  thousand  dollars  or  more.  These  avionics 
cost  uncertainties  have  motivated  recalculation  of  the  Configuration  10 
through  21  costs  with  both  20%  and  40%  increases  in  capital  costs  of 
avionics  as  shown  in  Tables  9-9  and  9-10  respectively.  Comparisons  of 
these  tables  with  Table  9-6  shows  that  the  20%  cost  increase  reduces 
estimated  net  savings  by  4%  to  26%  and  the  40%  cost  increase  reduces 
estimated  net  savings  by  8%  to  almost  50%.  In  each  case,  the  net 
savings  remain  positive. 

9.3.3  Provider  Capital  Costs 

Ground  station  costs  associated  with  the  network  and  simple  network 
HF  data  link  and  voice  improvements  involve  many  variables  such  as  land 
costs,  software  costs,  etc.,  all  of  which  can  only  be  judgmentally  esti¬ 
mated  until  specific  engineering  data  are  developed  for  existing  HF  SSB 
facilities.  Henc*  ,  the  analysis  of  the  sensitivity  of  network  HF  data 
link  and  voice  cotta  (exclusive  of  feasibility  study  and  engineering 
design  costs)  to  a  30%  increase  in  the  cost  of  implementing  a  ground 
network  for  configurations  10  through  14  is  presented  in  Table  9-11. 
Comparisons  of  Table  9-11  with  Table  9-6  shows  that  the  50%  increase  in 
the  HF  capital  costs  causes  a  2%  to  a1%  decrease  in  net  savings  for 
Configuration  10  through  14. 

The  satellite  segment  cost  estimates  were  based  on  an  assumed 
idealized  sharing  of  satellite  and  launch  costs  with  other  users  of  a 
space  vehicle.  The  satellite-to-aircraft  communications  portion  of  a 
satellite  data  plus  voice  package  id  estimated  to  require  approximately 
275  lbs  of  satellite  dry  weight  out  of  a  total  of  about  1100  lbs  of 
total  dry  weight  of  the  typical  satellite  being  considered.  This  is  25% 
of  the  cost  of  the  satellite,  including  launch.  A  space  segment  package 
for  the  automatic  dependent  surveillance  data  link  and  voice  or  data- 
only  systems  could  cost  more  than  the  idealized  25%  allocation.  Further¬ 
more,  a  multiple  satellite  cooperative  independent  surveillance  system 
would  probably  require  satellites  dedicated  to  aeronautical  services  to 
ensure  the  necessary  orbital  location  and  service  level  in  a  timely 
manner;  in  this  case,  the  full  provider  cost  allocation  should  be 
considered.  To  investigate  such  nonoptimura  cost  sharing  arrangements, 
the  FAA  has  analyzed  the  cost  effects  of  two  situations  in  which:  (1) 
the  space  segment  provider  capital  costs  for  Configurations  15  through 
18  are  assumed  to  be  50%  of  the  dedicated  satellite  operation;  and  (2) 
the  space  segment  provider  capital  costs  for  Configuration  19,  20  and  21 
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IIOOZ  of  dedicated  aeronautical  apaca  aagnent  provider  capital  cost 


are  assumed  to  be  100  percent  of  the  dedicated  satellite  operation.  The 
cost  analysis  is  described  in  Appendix  H  and  the  results  are  summarized 
in  Table  9-11.  Comparison  of  Table  9-11  with  Table  9-6  shows  that  the 
50%  cost  sharing  arrangement  causes  a  32%  to  49%  decrease  in  net  savings 
for  Configurations  13  through  19,  and  the  100%  dedicated  satellite  cost 
arrangement  causes  a  57%  to  63%  decrease  in  net  savings  for 
Configurations  19,  20  and  21. 

9.3.4  VHF  Satellite  Frequencies 

The  use  of  VHF,  rather  than  the  L-band  frequencies,  in  the 
satellite-based  operations  (e.g.,  Configurations  15  through  21)  might 
involve  less  expensive  avionics  equipment  costs  despite  the  uncertain¬ 
ties  in  aircraft  antenna  costs,  and  might  decrease  avionics  capital 
costs  by  20%  to  40%;  the  resulting  net  savings  would  be  the  same  as 
those  previously  shown  in  Tables  9-7  and  9-8.  But,  those  net  savings 
gains  may  be  counterbalanced  by  cost  increases  due  to  the  VHF  satellite 
segment,  for  which  costs  were  not  explicitly  estimated  because  of  a  lack 
of  data  describing  component  design.  The  VHF  satellite  antennas,  due  to 
their  large  size,  would  make  the  identification  of  partners  with  which 
to  share  spacecraft  costs  difficult.  In  addition,  technical  uncertain¬ 
ties  related  to  the  performance  of  VHF  remain  to  be  answered,  and  the 
VHF  frequency  allocation  is  not  compatible  with  supporting  the  growth 
requirements  of  a  new  system  (see  Sections  5.3.1  and  3.3). 

9.3.5  ATS  Facility  O&M  Costs 

The  estimated  ATS  facilities  O&M  costs  for  automatic  dependent  and 
independent  cooperative  surveillance  operations  assumed  that  these  costs 
would  be  the  same  as  the  baseline  configuration  O&M  costs.  Since  there 
is  no  precedence  for  an  advanced  ATC  operation  of  the  type  envisaged  for 
improved  oceanic  communication  and  no  design  specifications,  the  prelim¬ 
inary  ATS  facility  O&M  cost  estimates  were  based  on  rough  assumptions 
regarding  controller  operations  (see  Section  7).  These  estimates  assumed 
that  staffing,  sectorization  and  equippage  growth  would  be  comparable  to 
those  of  the  baseline  configuration.  While  it  is  not  anticipated  that 
the  ATS  and  O&M  cost  estimates  will  increase  beyond  those  estimated,  a 
20%  increase  is  examined  for  the  purpose  of  sensitivity  analysis.  This 
analysis  assumes  a  20%  cost  increase  relative  to  the  baseline  configura¬ 
tion  costs  during  years  the  advanced  technology  is  implemented  (i.e., 
starting  in  1987  for  the  network  HF,  simple  network  HF,  and  satellite- 
based  configurations  and  starting  in  1992  for  the  multiple  satellite- 
based  configurations).  The  resulting  net  total  cost  savings  are  shown 
in  Table  9-12.  Comparison  of  Table  9-12  with  9-6  shows  that  the  20%  ATS 
O&M  cost  increase  causes  reductions  in  net  savings  of  from  26%  to  92% 
for  most  configurations  and  more  for  the  simple  network  HF  data  link  and 
voice  without  separation  minima  reduction.  These  significant  propor¬ 
tional  decreases  in  net  savings  indicate  that  O&M  costs  exercise 
considerable  leverage  on  the  economic  analysis  results. 
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The  net  savings  shown  for  the  cooperative  independent  surveillance 
with  multiple  satellite  improvements  (Configurations  19,  20  and  21) 
should  be  treated  with  care  based  on  the  following  considerations. 
Because  of  limited  data,  Che  improvement  capital  and  O&M  cost  estimates 
for  those  Configurations  were  based  on  analogies  with  the  dependent 
surveillance  satellite  system  (Configuration  15)  rather  than  on  an 
explicit  system  design.  The  operational  implementation  of  Configura¬ 
tions  19,  20  and  21  and  concurrent  reduced  separation  minima  are  assumed 
to  occur  in  1995.  This  date  may  be  optimistically  early  because  of 
possible  technical  and  operational  complexities  associated  with  coopera¬ 
tive  independent  surveillance.  The  reduced  separation  minima  are  based 
on  concurrent  employment  of  MNPS  (Advanced)  navigation  techniques. 
Because  of  future  system  design  uncertainties  and  resource  constraints, 
implementation  requirements  for  these  navigation  techniques  have  not 
been  explicitly  addressed.  Should  additional  costs  be  allocated  to 
oceanic  operations  because  of  MNPS  (Advanced)  requirements,  the  net  cost 
savings  shown  in  Table  9-12  would  be  reduced  (see  Section  9.5). 

9.4  Sensitivity  Analysis  of  Fuel  Costs 

r"  , 

The  user  fuel  costs  are  based  on  fuel  prices  reported  for  each  NAT 
airport  in  1979  and  on  a  10%  annual  inflation  rate.  There  is  no  basis 
to  assume  that  the  1979  prices  are  in  error,  but  the  inflation  rate 
might  vary.  A  higher  than  10%  rate  would  increase  the  future  fuel  costs 
calculated  for  all  configurations  and  would  increase  the  net  cost 
savings  associated  with  each  improvement  configuration  relative  to  the 
baseline  configuration.  The  net  savings  increase  would  improve  the 
economic  attractiveness  of  the  alternative  configurations  relative  to 
their  preliminary  cost  estimates,  but  the  significance  of  the  increased 
attractiveness  would  depend  on  the  magnitude  of  fuel  cost  increase. 
Alternatively  a  lower  than  10%  rate  would  decrease  the  economic 
attractiveness  of  the  alternative  configurations.  Therefore,  the  net 
savings  resulting  from  8%  and  12%  inflation  rates  are  calculated  as 
shown  in  Tables  9-13  and  9-14  respectively. 

Comparison  of  these  tables  with  Table  9-6  shows  that  the  2%  fuel 
inflation  rate  decrease  to  8%  causes  net  savings  reduction  of  from  0%  to 
50%  for  the  various  configurations;  the  net  savings  remain  positive  for 
each  configuration.  The  2%  inflation  rate  increase  to  12%  furthers  net 
savings  by  0%  to  70%  for  the  various  configurations,  indicating  that 
fuel  costs  exercise  significant  influence  on  the  economic  analysis 
results . 

9.5  MNPS  (Advanced)  and  MNPS  (Improved)  User  Costs 

A  detailed  analysis  of  design  alternatives  and  costs  for  navigation 
system  improvements  is  not  a  part  of  this  study  (as  stated  in  Section 
8.2.12).  However,  there  is  a  prevailing  view  that  the  implementation  of 
MNPS  (Advanced)  could  not  be  accomplished  without  a  significant  capital 
investment  on  the  part  of  the  users  (ref.  2).  The  International  Air 


179 


PRESENT  VALUE  1979-2005  NET  SAVINGS  FOR  EACH  NAT  CONFIGURATION  RELATIVE  TO  BASELINE 

(1979  DISCOUNTED  US  *  MILLIONS) 

81  FUEL  INFLATION  FACTOR 


MULTI  SAT.  60-30  C,  MNPS 


TABLE  9-14 

PRESENT  VALUE  1979-2005  NET  SAVINGS  FOR  EACH  NAT  CONFIGURATION  RELATIVE  TO  BASELINE 

(1979  DISCOUNTED  US  $  MILLIONS) 

12*  FUEL  INFLATION  FACTOR 


CIS,  MULTI  SATV  60-30  C,  MNP5 


Transport  Association  (IATA)  has  estimated  that  an  additional  discounted 
user  capital  cost  of  the  order  of  $50  million,  exclusive  of  user  O&M 
cost,  may  be  required  for  MNPS  (Advanced)  based  on  the  following  assump¬ 
tions:  (1)  reduced  separation  minima  are  introduced  in  1995;  (2)  513 
aircraft  per  year  are  retrofitted  over  3  years  from  1992  to  1994;  (3) 
all  aircraft  entering  service  in  or  after  1992  are  assumed  to  have 
initial  fitment  of  MNPS  (Advanced)  equipment  and  thus  do  not  contribute 
to  the  cost  of  its  introduction;  (4)  the  estimated  cost  of  dual  unit 
MNPS  (Advanced)  eqipttient  is  50  thousand  1979  US$  per  uircfaft;  and  (5) 
an  annually  compounded  inflation  rate  of  8%  and  an  annually  compounded 
discount  rate  of  12%  apply,  which  are  consistent  with  the  user  cost 
estimation  procedures  used  in  this  report  (ref.  2).  As  a  result,  a 
discounted  user  capital  cost  of  $50  million  may  be  added  to  ,the  total 
costs  of  those  configurations  requiring  MNPS  (Advanced),  specifically 
Configurations  19,  20  and  21.  Equivalently,  $50  million  may  be  sub¬ 
tracted  from  the  discounted  total  cost  savings  (see  Tables  9-5  through 
9-12)  for  these  three  configurations.  These  savings  might  further  be 
reduced  due  to  a  potential  increase  in  user  O&M  costs  for  MNPS 
(Advanced),  but  data  has  not  been  obtained  describing  the  magnitude  of 
such  an  increase  (if  any)  relative  to  the  navigation  system  O&M  costs 
associated  with  alternative  configurations. 

In  regard  to  MNPS  (Improved),  IATA  in  reference  2  has  noted  that  no 
user  capital  cost  estimates  for  on-board  navigation  equipment  have  been 
allocated  to  meet  MNPS  (Improved),  and  has  noted  that  this  approach  may 
be  reasonable  since  there  is  a  belief  that  navigation  performance  with 
current  on-board  systems  when  properly  assessed  could  provide  the 
required  accuracy 
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10.0  CEP  POTENTIAL  IMPROVEMENTS  AND  COSTS 


10.1  Introduction 

This  section  describes  the  extension  of  four  of  the  potential 
improvement  alternatives  discussed  in  Section  5  to  the  CEP.  The  CEP, 
for  the  purposes  of  this  report,  is  the  high  altitude  airspate  shown  in 
Figure  10-1  for  the  Oakland  CTA/FIR  and  the  eastern  part  of  the  Honolulu 
CTA/FIR.  The  four  improvements  are  the  network  HF  data  link  and  voice, 
satellite  data  link  and  voice,  separation  assurance  device,  and  improved 
altimetry.  The  CEP  potential  improvement  implementations  are  assumed  to 
be  coordinated  with  and  extensions  of  corresponding  NAT  implementations, 
although  various  CEP  improvements  could  be  developed  and  established 
independently  of  NAT  applications.  In  addition,  the  CEP  improvements 
are  assumed  to  be  made  without  regard  to  operations  in  adjacent  areas  in 
the  Pacific.  Several  adjacent  areas  are  currently  served  by  the  Hawaiian 
HF  ground  station  that  services  a  portion  of  the  CEP.  Hence,  in  the 
future,  it  may  be  desirable  to  encompass  a  considerably  larger  area  with 
the  improvements. 

10.2  Network  HF  Data  Link  and  Voice 

Extension  of  HF  data  link  and  voice  to  the  CEP  can  be  accomplished 
by  transfer  of  the  system  design  and  costs  presented  in  Section  5.2, 
subject  to  adjustment  of  estimates  for  reduced  traffic  and  better  HF 
propagation  characteristics. 

The  HF  communications  in  the  CEP  are  approximately  132  of  those  in 
the  NAT  (ref.  1).  Two  HF  ground  stations  (one  in  Hawaii  and  one  in 
California)  currently  serve  the  area.  Discussions  with  radio  operators 
and  ATC  personnel  involved  in  providing  CEP  HF  communications  have 
indicated  that  HF  propagation  is  more  predictable  in  the  CEP  than  in  the 
NAT.  Further,  the  path  diversity  available  from  the  two  stations 
appears  adequate.  Based  on  the  reliability  of  the  existing  two  stations 
and  other  factors,  it  is  assumed  that  two  HF  data  link  stations  and  one 
(suitably  redundant)  master  control  station  could  serve  the  CEP. 

The  currently  assigned  frequencies  in  the  CEP  are  3467,  5554,  5603, 
8875,  8931,  13336,  13312,  17909  KHz.  Based  on  the  message  loading  on 
the  CEP,  there  appears  to  be  adequate  spectrum  to  support  extension  of 
HF  data  link  to  the  Pacific.  The  frequencies  are  not  distributed  as 
specified  by  Working  Group  B  of  the  Aviation  Review  Committee,  however, 
and  would  have  to  be  reallocated  to  meet  those  specifications.  In  addi¬ 
tion,  if  a  separate  voice  family  were  desired,  the  equivalent  of  a  new 
family  would  have  to  be  allocated  to  the  CEP. 
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FIGURE  10-1.  CEP 


Uncontrollei 
Open  Aron* 


\ 

'  Tahiti  CTA/FIR 

*  Mexico  Oceanic 

i 

FIR  recommended  * 

< 

f 

but  not  implemented 

i 

Source:  ICAO  Doc  8775/10, 
ANP-NAT/NAM/PAC 
(Sep  1977) 


PACE 


Table  10-1  shows  ground  station  costs  estimated  for  the  CEP.  Most 
component  requirements  are  considerably  lower  than  those  shown  in  Table 
5-2  for  the  NAT  due  to  the  reduced  number  of  ground  stations  .  Software 
costs  in  Table  10-1  are  based  on  modifications  to  NAT  software  rather 
than  redevelopment  of  new  software.  Table  10-2  shows  yearly  costs  for 
an  HF  ground  network.  It  is  assumed  that  all  the  feasibility  studies 
and  development  efforts  carried  out  for  the  NAT  would  not  have  to  be 
repeated  for  the  CEP.  A  sum  of  $500,000  is  alloted  in  1983  for  CEP 
feasibility  assessment  and  engineering.  Ground  station  construction  is 
assumed  to  take  place  between  1984  and  1987. 

Yearly  user  costs  are  a  function  of  the  fleet  that  must  be  equipped 
exclusively  for  the  CEP.  A  review  of  published  airline  schedules  indi¬ 
cates  that  United  Airlines,  Western  Airlines,  Continental,  and  CP  Air 
serve  Hawaii  but  not  the  NAT.  Almost  all  service  appears  to  be  wide- 
body,  although  many  narrow  body  aircraft  are  capable  of  flying  between 
the  North  American  mainland  and  the  Hawaiian  Islands.  These  airlines 
are  estimated  to  have  approximately  55,  9,  7  and  6  widebody  aircraft 
respectively  (refL  2)  for  a  total  of  77  aircraft.  This  number  may  be 
increased  to  account  for  other  airlines  such  as  Quantas,  Air  New  Zealand, 
Philippine  Airlines,'  Korean,  Air  Siam,  Thai  International,  etc.  There¬ 
fore,  the  user  yearly  costs  shown  in  Table  10-3  are  based  on  reequipping 
100  aircraft  with  avionics  starting  with  year  1985. 

10.3  Satellite  Data  Link  and  Voice 

Coverage  of  the  CEP  with  satellite  communications  could,  in  theory, 
be  accomplished  with  much  lower  data  rates  than  those  postulated  for  the 
NAT.  Voice  requirements,  however,  dominate  the  cost  of  satellite  ser¬ 
vice.  Furthermore,  a  CEP  system  must  be  compatible  with  NAT  equipment. 

To  obtain  the  yearly  provider  cost  estimates  shown  in  Table  10-4,  a 
number  of  assumptions  were  made  as  follows.  First,  design  and  develop¬ 
ment  costs  would  be  borne  by  the  NAT.  Second,  the  ground  and  airborne 
satellite  spares  would  not  be  common  to  the  NAT  and  CEP.  Third,  track¬ 
ing,  telemetry,  and  command  costs  would  be  the  same  as  for  the  NAT. 

CEP  satellite  avionics  costs  are  estimated  on  the  same  basis  as  CEP 
HF  data  link  avionics.  Costs  are  as  shown  in  Table  10-5. 

10.4  Separation  Assurance  Device 

Costs  considered  for  the  CEP  are  only  for  equipping  fleets  with 
avionics  and  maintaining  the  avionics  as  shown  in  Table  10-6  for  the 
case  of  allocating  100%  of  the  separation  assurance  device  avionics 
capital  costs  to  CEP  operations.  This  table  parallels  Table  5-13  with 
the  user  costs  adjusted  according  to  the  discussion  in  Section  10-2  on 
HF  avionics  for  the  CEP.  The  retrofit  and  new  equipment  capital  costs 
would  be  half  those  shown  in  Table  10-6  for  the  case  of  allocating  50% 
of  the  avionics  capital  costs  to  CEP  operations. 
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Tabla  10-1 


NETWORK  HF  DATA  LINK  AMD  VOICE 
GROUND  STATION  OOMFONEWT  COSTS 
FOE  THE  CEP 

(Thousands  of  1979  US  Oollara) 


Component  Nuabar 

Unit  Cost 

Total  Cost 

1-kW  m 
trsnaaittar 

3 

23 
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Tranaaittar 

aulticouplars 

5 

3 

23 

Haw  trans- 

aittara, 

antannaa 

3 

4 

20 

Receivers 

10 

4 

40 

Receiver 

antannaa 

3 

13 

73 

Raeaiwar, 
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3 

5 

23 

Coaxial  eabla  10,000  ft 

.002 

20 

Mixes  Uanaous 
tast  aquipaant 

2 

30 

100 

land  preparation 
aad  installation 
for  oaw  ant annas. 

10 

14.3 

145 

Land 

30  acres 

5 

150 

Saall  processors/ 
data  concentration 

2 

40 

80 

Largo  processors 

2 

230 

500 

Software  1000  lines 

.1 

100 

Terminals  with 

CKT/printar, 

keyboard 

A 

10 

40  • 

Modeas 

4 

10 

40 

Sysi.aa  anginaaring 

1  sits 

400 

400 

Total  Fixed  Costs 

1885 

Sacalliea  link  rantala  1120,000  per  yaar 

at  10000  par  aonch 


Co—ant 


can 

vertical  LFa ,  tan 
conical 

aonopoliaa 
(TCI  303) 

a.|>,  Collins  HP 
SOSO 

a.g.,  TCI  612 


For  aach  aiea 


Asauaa  1  aica 
would  naad 
rsloeation 


■edifications  ftwara 
to  NAT  toftwara 


Total  2,385,000 


NETWORK  HF  DATA  LINK  AND  VOICE 
USER  COSTS  FOR  AVIONICS  INSTALLATION 
AND  OPERATION  FOR  THE  CEP 
(1979  US  Dollars) 


One  dollar  per  operating  hour  calculated  as  13Z  of 
NAT  costs* 


Table  10-4 


SATELLITE  DATA  LINK  AND  VOICE 
PROVIDER  COSTS  FOR  IMPLEMENTATION 
AND  OPERATING  THE  GROUND  AND 
SPACE  SEGMENT  FOR  THE  CEP 
(1979  US  Dollars) 


Year 

Satellites 

Ground 

Stations 

Maintenance 

TT&C 

1985 

1986 

8,700,000 

326,100 

326,100 

50,000 

250,000 

1987 

(2  satellites  including 
ground  spare,  1  launch) 

326,100 

75,000 

250,000 

1988 

5,700,000 

326,100 

100,000 

250,000 

1989 

1990 

1991 

1992 

1993 

(1  sat,  1  launch) 

5,700,000 

100,000 

100,000 

100,000 

100,000 

100,000 

250,000 

250,000 

250,000 

250,000 

250,000 

1994 

1995 

(1  sat,  1  launch) 

5,700.000 

100,000 

100,000 

250,000 

250,000 

1996 

1997 

1998 

1999 

2000 

(1  sat,  1  launch) 

5,700,000 

100,000 

100,000 

100,000 

100,000 

100,000 

250,000 

250,000 

250,000 

250,000 

250,000 

2001 

2002 

(1  sat,  l  launch) 

5,700,000 

100,000 

100,000 

250,000 

250,000 

2003 

2004 

2005 

(1  sat,  1  launch) 

100,000 

100,000 

100,000 

250,000 

250,000 

250,000 
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Table  10-5 


SATELLITE  DATA  LINK  AID)  VOICE  USER  COSTS 
FOR  AVIONICS  INSTALLATION  AND  OPERATION 
FOR  THE  CEP 
(1979  US  Dollar*) 


Total 


Yaar 

Retrofit  Coat*  (1) 

New  Fleet  Equip- 
aant  Coat  (2) 

Equipaent 

Coat 

Yearly  Uaer  Coat 
($l/op*rating  hour) 

1985 

1,641,600 

150,000 

1,791,600 

145,000 

1986 

1,641,600 

150,000 

1,791,600 

148,000 

1987 

1,641,600 

150,000 

1,791,600 

151,000 

1988 

0 

150,000 

150,000 

155,000 

1989 

0 

150,000 

150,000 

159,000 

1990 

0 

150,000 

150,000 

162,000 

1991 

0 

150,000 

150,000 

166,000 

1992 

0 

150,000 

150,000 

170,000 

1993 

0 

150,000 

150,000 

174,000 

1994 

0 

150,000 

150,000 

178,000 

1995 

0 

150,000 

150,000 

182,000 

1996 

0 

150,000 

150,000 

187,000 

1997 

0 

150,000 

150,000 

191,000 

1998 

0 

150,000 

150,000 

195,000 

1999 

0 

150,000 

150,000 

199,000 

2000 

0 

150,000 

150,000 

204,000 

2001 

0 

130,000 

150,000 

208,000 

2002 

0 

150,000 

150,000 

212,000 

2003 

0 

150,000 

150,000 

216,000 

2004 

0 

150,000 

150,000 

220,000 

2005 

0 

150,000 

150,000 

224,000 

Total 

4,924,800 

3,900,000 

8,824,800 

(1)  32  aircraft/year  at  $31,300  par  aircraft  for  3  yaara 

(2)  3  new  aircraft  par  yaar  at  $50,000  par  aircraft. 
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(2)  3  aircraft  at  $48,800  per  aircraft. 


10.5  Altimetry  Improvements 


Table  10-7  shows  the  yearly  cost  of  extending  altimetry  improvement 
to  the  CEP,  based  on  the  Section  5.5  discussion.  All  provider  costs 
required  were  allocated  to  the  NAT,  so  that  no  significant  developmental 
costs  are  assigned  to  the  CEP. 

10.6  References 

1.  SRI  International,  "Oceanic  Area  System  Improvement  Study  (OASIS) 
Volume  V:  North  Atlantic,  Central  East  Pacific  and  Caribbean 
Regions  Communication  Systems  Description,  Final  Report  No. 
FAA-EM-81-17,  V  (September  1981). 

2.  "Commercial  Aircraft  Fleets,"  Lockheed-Georgia  Company, 

January  1,  1979. 


Table 


10-7 


ALTIMETRY  SYSTEM  IMPROVEMENT 
USER  COSTS  FOR  AVIONICS 


INSTALLATION  AND  OPERATION 
FOR  THE  CEP  (3) 

(1979  US  Dollars) 


User  Calibration 

User  New 

User  Yearly 

Provider 

and 

Modification 

Equipment 

Maintenance 

Year 

Costs 

Costs  (1) 

Costs  (2) 

($50/Aircraft) 

1985 

320,000 

15,000 

1,750 

1986 

320,000 

15,000 

1,900 

1987 

320,000 

15,000 

2,050 

1988 

15,000 

2,200 

1989 

15,000 

2,350 

1990 

15,000 

2,500 

1991 

15,000 

2,650 

1992 

15,000 

2,800 

1993 

15,000 

2,950 

1994 

15,000 

3,100 

1995 

15,000 

3,250 

1996 

15,000 

3,400 

1997 

15,000 

3,550 

1998 

15,000 

3,700 

1999 

15,000 

3,850 

2000 

15,000 

4,000 

2001 

15,000 

4,150 

2002 

15,000 

4,300 

2003 

15,000 

4,450 

2004 

15,000 

4,600 

2005 

15,000 

4,750 

Total 

960,000 

390,000 

(1) 

32  aircraft 

per 

year  at  $10,000  per  aircraft. 

(2) 

3  new  aircraft 

per  year  at  $5,000 

per  aircraft. 

(3) 

Sample  costs  for  demonstration  purposes  only. 
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11.0  CEP  USER  FLIGHT  COSTS 


1 1 . 1  Int  roduc Cion 

The  user  flight  O&M  costs  corresponding  to  a  variety  of  assumed 
separation  minima  in  the  CEP  are  estimated  in  this  section.  Similar  to 
the  cost  calculation  procedure  described  for  the  NAT  in  Section  6,  the 
user  flight  costs  are  the  FCM-calculated  aircraft  fuel,  crew,  and  main¬ 
tenance  expenditures,  excluding  the  avionics  improvement  annual  operat¬ 
ing  costs  described  in  the  preceding  section.  Data  presented  in  this 
section  are  extracted  in  part  from  a  companion  document  (ref.  1) 
describing  the  application  of  the  FCM  to  the  CEP  and  are  supported  by 
additional  information  presented  in  Appendix  E. 

11.2  Flight  Cost  Model  Application 

The  FCM  was  used  to  simulate  the  operation  of  the  present  CEP  ATS 
system  and  several  other  system  operating  alternatives  (representing 
alternative  separation  minima  sets)  on  a  representative  July  (peak)  day 
and  a  representative  November  (off-peak)  day  in  1979,  and  with  traffic 
forecasts  for  1984  and  2005  (ref.  3).  The  July  sample  day  operation  in 
each  of  the  three  sample  years  was  simulated  for  the  varioui  alterna¬ 
tives.  The  November  sample  day  in  each  year  was  simulated  dnly  for  the 
1979  base  case  system  (100-50  nrai/15  rain/2000  ft  separation  minima)  for 
comparison  purposes.  (Note:  As  in  the  case  of  NAT  analysis,  the  non- 
Mach  number  technique  separation  minimum  is  assumed  to  be  5  min  greater 
than  the  nominal  separation  indicated.) 

The  inputs  and  operation  of  the  FCM  for  the  CEP  application  are 
analogous  to  those  described  for  the  NAT  application  in  Section  6  of 
this  report.  The  traffic  distribution  for  the  CEP  is  shown  in  Table 
11-1,  which  shows  a  195%  increase  in  daily  costed  traffic  between  1979 
(156  flights)  and  2005  (459  aircraft)  and  a  171%  increase  in  total 
traffic  over  the  same  time  period  (479  versus  177  flights).  All  flights 
(costed  and  non-costed)  are  included  in  the  simulation  to  represent 
actual  traffic  congestion  situations. 

11.3  Overall  Costs — July  Sample  Day 

The  FCM  ideal,  planned  and  actual  cost  results  for  the  July  CEP 
sample  day  are  sunuarized  in  Table  11-2,  which  shows  the  estimated  daily 
fuel,  crew,  and  maintenance  cost  totals  for  all  costed  aircraft  for  each 
system  operating  alternative  in  each  sample  year.  The  ideal  flight  mode 
results  show  that  the  theoretical  minimum  daily  flight  cost  regardless 
of  system  operating  alternative  is  US$  2.8  million  in  1979,  and  increases 
to  $4.1  million  in  1984  and  $11.1  million  in  2005.  The  increase  is  due 
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CEP  TRAFFIC  COMPOSITION,  JULY  SAMPLE  DAY 


Total  Number  of  Flights 
Air  Carrier 
Military 

Number  of  Air  Carrier  Flights 
Costed  Air  Carrier 

Number  of  Costed  Air  Carrier  Flights 
Wide  Body  Costed  Air  Carrier 


Traffic  Loading 


1979 

177 

89% 

11% 

157 

99% 

156 

81% 


1984 

230 

91% 


200! 

47? 

96* 


9%  43 


210 

100% 

210 

95% 


459 

1003 

45? 

1003 


The  traffic  loading  data  Is  based  on  growth  factors  developed 
by  the  traffic  forecasting  workshop  convened  by  the  Aviation 
Review  Committee  and  documented  in  reference  3. 


CEP  FCM  DAILY  FLIGHT  COSTS,  JULY  SAMPLE  DAY 
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*1000  ft  vertical  separation  in  CEP  oceanic  airspace  only;  2000  ft  elsewhere. 
tConstant  1979  $  U.S.  excluding  inflation  and  discount  rate. 


to  the  195  %  increase  in  costed  traffic  over  the  26-year  study  period, 
as  well  as  a  change  in  fleet  mix.  The  wide  body  aircraft  proportion  of 
costed  traffic  is  projected  to  increase  from  81%  to  100%  over  the  1979 
to  2005  time  period  and  causes  the  ideal  daily  flight  cost  to  increase 
from  $17,850  to  $24,080  per  flight  over  the  same  period. 

11.4  Theoretical  Cost  Penalties — July  Sample  Day 

The  cost  differences  between  the  ideal  cost  and  the  actildl  costs 
represent  the  maximum  possible  cost  penalties  that  could  theoretically 
be  avoided  by  any  system  improvements.  These  cost  penalties  for  the 
July  sample  day  are  shown  in  Table  11-3,  which  presents  the  total  cost 
difference  between  planned  and  ideal  costs  and  between  actual  and  ideal 
costs.  For  comparison  purposes,  the  costs  shown  are  not  inflated  and 
not  discounted. 

The  Table  11-3  data  indicate  that  the  potential  daily  cost  differ¬ 
ences  associated  with  planned  costs  are  a  majority  of  the  total  flight 
cost  penalty.  For  example,  the  data  for  the  50  nmi/10  min/2000  ft 
system  in  1984  show  that  the  estimated  planned  daily  cost  difference 
($33,000)  accounts  for  75%  of  the  difference  ($44,000)  between  ideal  and 
actual  daily  costs.  The  planned  cost  proportion  of  the  actual  daily 
cost  penalty  ranges  from  64%  for  the  100-50  nmi/15  min/2000  ft  to  80% 
for  the  25  nmi/5  min/2000  ft  system  in  1984.  Note  that  the  lowest  cost 
penalty  in  each  year  is  associated  with  the  1000  ft  vertical  separation 
minimum. 

11.5  System  Cost  Comparison— July  Sample  Day 

The  impact  of  separation  minima  reduction  is  shown  in  Table  11-4, 
which  presents  the  difference  in  daily  flight  costs  between  the  base  . 
case  100-50  nmi/15  min/2000  ft  system  and  each  of  the  separation  minima 
alternatives  for  the  July  sample  day.  The  planned  daily  flight  cost 
reductions  for  each  of  the  separation  minima  alternatives  for  the  July 
sample  day.  The  planned  daily  flight  cost  reductions  for  each  of  the 
seven  alternatives  are  calculated  relative  to  the  base  case  system 
planned  cost;  the  actual  daily  cost  reductions  are  calculated  similarly. 

The  planned  cost  reductions  shown  in  Table  11-4  reflect  the  impact 
of  separation  minima  reductions.  However,  planned  costs  show  very  small 
increase  (i.e.,  $1  thousand)  from  implementation  of  the  50  nmi  lateral 
spacing  (e.g.,  see  50  nmi/10  min/2000  ft  planned  costs  in  Table  11-4), 
perhaps  due  to  loss  of  even  flight  levels  on  the  previously  composite 
tracks.  For  example,  aircraft  that  could  previously  have  flown  at  FL360 
may  have  been  forced  down  to  FL350,  which  would  be  slightly  more  costly. 
A  similar  increase  in  planned  costs  is  seen  in  the  25  nmi  lateral  separ¬ 
ation  scenario  in  the  earlier  years,  which  might  be  attributable  to 
flight  direction  assignments.  All  but  two  tracks  are  unidirectional, 
and  insertion  of  new  tracks  requires  half  of  the  unidirectional  tracks 
to  change  direction.  Thus,  some  preferred  routings  might  no  longer  be 
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*1000  ft  vertical  separation  in  CEP  oceanic  airspace  only;  2000  ft  elsewhere. 
■(•Constant  1979  $  U.S.  excluding  inflation  and  discount  rate. 


CEP  FCM  DAILY  COSTS  RELATIVE  TO  50-100/15/2000  SYSTEM,  JULY  SAMPLE  DAY  IN  CEP 
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*1000  ft  vertical  separation  in  CEP  oceanic  airspace  only;  2000  ft  elsewhere. 
tConstant  1979  $  U.S.  excluding  inflation  and  discount  rate. 

(  )  indicates  greater  relative  cost. 


available.  (Note  that  approximately  half  of  the  preferred  routings 
would  be  lost  regardless  of  which  way  the  tracks  are  set  up,  i.e., 
eastbound-westbound-eastbound ,  or  westbound-eastbound-vestbound.  Some 
aircraft  might  then  be  forced  to  fly  as  much  as  25nmi  away  from  pre¬ 
viously  preferred  tracks.  The  decreased  lateral  spacing  produces  gains 
in  terms  of  reduced  conflict  and  diversion,  resulting  in  $8  thousand  and 
$29  thousand  daily  actual  cost  savings  in  1984  and  2005,  respectively, 
for  the  25  nmi/10  min/2000  ft  operation.  Further  relaxation  of  con¬ 
straints  by  reducing  longitudinal  separation  to  5  minutes  in  the  23nmi 
system  produces  even  greater  savings. 

The  most  dramatic  reductions  in  planned  and  actual  costs  derive 
from  the  halving  of  the  vertical  separation  minimum  to  1000  ft.  When 
the  50  nmi  system  with  10  min  longitudinal  separation  is  reduced  to  1000 
ft  in  the  CEP  oceanic  area  in  2005,  savings  over  the  baseline  increase 
from  $19  thousand  to  $54  thousand.  When  the  1000  ft.  separation  criter¬ 
ion  is  applied  in  domestic  and  oceanic  airspace,  the  savings  in  2005 
increase  to  $79  thousand  daily.  This  large  increase  in  the  later  years 
is  due  in  part  to  a  proportionally  higher  traffic  growth  forecast  for 
flights  which  spend  significant  flight  time  in  non-CEP  airspace  versus 
CEP-oriented  flights  (such  as  ORS  flights  between  Hawaii  and  California). 

As  in  the  case  of  the  NAT,  the  actual  daily  cost  savingB  achievable 
by  halving  vertical  separations  throughout  are  greater  than  twice  those 
achievable  by  halving  lateral  separaions.  In  all  cases  where  lateral 
and  vertical  separations  are  fixed,  some  cost  savings  are  obtained  by 
longitudinal  minimum  reduction.  However,  the  relative  impacts  of  longi¬ 
tudinal  reductions  are  less  as  Lateral  and  vertical  minima  are  reduced. 
For  example,  a  reduction  of  5  min  in  the  longitudinal  minima  produces 
138%,  28%,  and  7%  increases  in  savings  in  regard  to  daily  actual  flight 
'«oats  in  the  50  nmi  and  2000  ft,  25  nmi  and  2000  ft,  and  50  nmi  and  1000 
ft  systems  in  2005,  respectively. 

11.6.  July  and  November  Daily  Cost  Comparison 

The  FCM  was  applied  to  a  November  sample  using  the  present 
100-50nmi/15min/2000ft  as  a  basis  for  comparing  cost  magnitudes  by  year 
with  those  of  the  July  sample  day.  The  number  of  costed  flights  in  the 
November  sample  day  for  1979  is  87  percent  of  that  in  the  July  sample 
day,  and  the  daily  cost  summed  over  all  flights  is  correspondingly  less 
in  November  than  in  July  as  shown  in  Table  11-5.  The  November  1979 
sample  day  flight  cost  is  92  percent  of  the  July  1979  daily  cost,  but 
the  daily  average  flight  cost  is  greater  in  the  November  than  the  July 
1979  sample  day.  This  increased  cost  per  aircraft  in  November  1979 
versus  July  1979  might  be  due  to  a  slight  difference  in  fleet  comp  •*  - 
tion  and  to  differences  in  weather  patterns;  widebody  aircraft  comprise 
85%  of  the  November  sample  day  costed  traffic  as  opposed  to  81%  in 
July.  The  progressive  increase  in  average  flight  costs  from  1979  to 
1984  to  2005  arises  from  more  significant  congestion  penalties,  result¬ 
ing  from  heavier  traffic  loadings. 


201 


Table  11-5 

FCM  COST  COMPARISONS  FOR  NOVEMBER  AND  JULY  SAMPLE  DAY 
BASED  ON  50-100/15/2000  SYSTEM  OPERATION 


Daily 

Flight  Cost 
(1979  $000) 


Daily  Average 
Flight  Cost 
(1979  $000  Per  flight) 


Sample 

Day 


Number  Of 
Costed  Flights 


11.7.  Annual  Flight  O&M  Costs 

The  actual  average  annual  flight  costs  are  estimated  in  terms  of 
both  fuel  cost  and  crew  and  maintenance  cost,  as  shown  in  Table  11-b. 
These  data  are  the  actual  cost  estimates  rather  than  the  ideal  or 
planned  cost  estimates  discussed  previously. 

The  drtnual  cost  data  in  Table  11-6  was  developed  by  calculating  the 
simple  arithmetic  average  of  the  FCM-derived  actual  daily  cost  data  for 
the  July  and  November  aawple  days  for  the  indicated  year  £6r  the  19f9 
base  case  system,  and  multiplying  each  of  these  average  days  by  365. 
Annual  costs  for  the  other  systems  were  based  on  extrapolations  of  the 
November  daily  costs. 

The  data  in  Table  11-6  shows  that  the  total  annual  user  flight 
costs  are  large,  ranging  from  almost  $1000  million  in  1979  to  over  $3700 
million  in  2005.  Cost  differences  in  any  single  year  between  the  system 
alternatives  account  for  a  small  percentage  of  the  total  costs,  but 
these  differences  are  quite  large  and  therefore  very  important  to  the 
users.  For  example,  an  annual  cost  difference  of  about  $3  million  is 
shown  in  Table  11-6  between  the  50  nmi/10  min/2000  ft  and  50,  nmi/10 
min/ 1000  ft  operation  in  1984. 

The  annual  flight  O&M  costs  for  each  year  in  the  1979  to  2005  study 
period  for  each  separation  minima  operating  alternative  were  estimated 
by  interpolation  from  the  data  presented  in  Table  11-6  using  interpola¬ 
tion  procedures  similar  to  those  described  for  the  NAT.  A  special  FCM 
simulation  of  the  base  case  100-50  nmi/15  min/2000  ft  operation  for  the 
July  1995  sample  day  augmented  the  estimation  process.  The  resulting 
estimated  annual  fuel  and  crew  and  maintenance  costs  are  shown  in  Table 
11-7,  which  lists  the  flight  costs  that  would  be  incurred  if  each  system 
were  in  operation  in  the  indicated  year. 

Table  11-7  also  includes  cost  data  for  two  separation  minima  alter¬ 
natives  (i.e.,  50-25  nmi/10  min/2000  ft  and  15  nmi/2  min/2000  ft)  that 
were  not  simulated  by  the  FCM.  These  non-FCM  cost  data  were  estimated 
by  interpolation  or,  as  warranted,  extrapolation  of  the  cost  data 
derived  from  eight  cases  analyzed  by  the  FCM.  The  estimation  procedures 
are  described  in  Appendix  E.  The  additional  separation  minima  alterna¬ 
tives  shown  in  Table  11-7  were  selected  because  they  were  considered 
necessary  for  the  cost  analysis  of  the  potential  system  improvements  or 
for  general  interest  and  future  reference  as  necessary. 

The  data  in  11-7  will  be  used  subsequently  in  Section  13  to  compare 
potential  improvements  costs. 
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Table  11-7 


CEP  ANNUAL  USER  FLIGHT  O&M  COST  ESTIMATES 
(Mllllona  of  1979  US  Dollars) 


100-50  oaiVll  mln/2000  ft  50  »1/15  mln/2000  ft  50  tifli/10  Blfl/2000  ft 


Tear 

Fuel 

Crew  & 
Maine. 

Total 

Fuel 

Crew  A 

Malnt. 

Total 

Fuel 

Crew  6 
Malnt. 

Total 

1979 

628.90 

352.96 

981.86 

628.90 

342.96 

981.86 

628.17 

352.96 

981.13 

1980 

676.99 

378.76 

1055.75 

676.93 

378.70 

1055.63 

676.11 

378.76 

1054.87 

1981 

728.75 

406.44 

1135.19 

728.64 

406.33 

1134.97 

727.72 

406.44 

1134.16 

1982 

784.48 

436.15 

1220.63 

784.29 

435.96 

1220.25 

783.26 

436.15 

1219.41 

1983 

844.46 

468.03 

1312.49 

844.19 

467.76 

1311.95 

843.04 

468.02 

1311.07 

1984 

909.03 

502.24 

1411.27 

908.67 

551.88 

1410.55 

907.39 

502.24 

1409.63 

1985 

958.44 

528.25 

1486.59 

958.08 

527.77 

1485.85 

956.73 

528.13 

1484.86 

1986 

1010.54 

555.40 

1565.94 

1010.17 

554.99 

1565.16 

1008.76 

555.36 

1564.12 

1987 

1065.46 

584.06 

1649.52 

1065.09 

583.62 

1648.71 

1063.61 

583.99 

1647.60 

1988 

1123.38 

614.19 

1737.57 

1123.00 

613.72 

1736.72 

1121.45 

614.10 

1735.55 

1989 

1184.44 

645.88 

1830.32 

1184.06 

645.38 

1829.44 

1182.43 

645.75 

1828.18 

1990 

1248.82 

679.20 

1928.02 

1248.44 

678.67 

1927.11 

1246.73 

679.04 

1925.77 

1991 

1316.70 

714.24 

2030.94 

1316.32 

713.68 

2030.00 

1314.52 

714.05 

2028.57 

1992 

1288.27 

751.09 

2139.36 

1387.89 

750.49 

2138.38 

1386.00 

750.86 

2136.86 

1993 

1463.72 

789.85 

2253.57 

1463.35 

789.20 

2252.55 

1461.37 

789.57 

2250.94 

1994 

1543.29 

830.60 

2373.89 

1542.92 

829.91 

2372.83 

1540.83 

830.28 

2371.11 

1995 

1627.17 

873.45 

2500.62 

1626.81 

872.72 

2499.53 

1624.62 

873.08 

2497.70 

1996 

1693.45 

908.25 

2601.70 

1693.08 

907.51 

2600.59 

1690.80 

907.82 

2498.62 

1997 

1762.42 

944.44 

2706.86 

1762.06 

943.68 

2705.74 

1759.68 

943.94 

2703.62 

1998 

1834.21 

982.08 

2816.29 

1833.84 

981.29 

2815.13 

2B31.37 

981.49 

2812.86 

1999 

1908.92 

1021.21 

2930.13 

1908.55 

1020.41 

2928.96 

1905.98 

1020.54 

2926.52 

2000 

1986.68 

1061.90 

3048.58 

1986.30 

1061.08 

3047.38 

1983.62 

1061.15 

3044.77 

2001 

2067.60 

1104.21 

3171.81 

2067.22 

1103.37 

3170.59 

2064.43 

1103.37 

3167.80 

2002 

2151.81 

1148.21 

3300.02 

2151.44 

1147.35 

3298.79 

2148.53 

1147.27 

3295.80 

2003 

2239.46 

1193.96 

J433.42 

2239.08 

1193.08 

3432.17 

2236.06 

1192.92 

3428.98 

2004 

2330.68 

1241.54 

3572.22 

2330.31 

1240.64 

3570.95 

2327.16 

1240.38 

3567.54 

2005 

2425.61 

1291.01 

3716.62 

2425.24 

1290.09 

3715.33 

2421.96 

1289.73 

3711.69 
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Craw  & 

Maine 


Tabla  11-7  (Continued) 

25  nal/5  ain/2000  ft 

Crew  & 

Fuel  Maint 


50  ml/ 15  aln/1000  ft 
Crew  & 

Fuel  Maint  T~*-* 


L979 

628.17 

353.32 

981.49 

627.44 

353.69 

981.13 

623.97 

354.42 

978.39 

L980 

675.90 

379.12 

1055.02 

625.19 

379.44 

1054.63 

671.85 

380.32 

1052.17 

1981 

727.25 

406.81 

1134.06 

726.57 

407.07 

1133.64 

723.39 

408.10 

1131.49 

L982 

782.51 

436.52 

1219.03 

781.86 

436.70 

1218.56 

778.90 

437.92 

1216.82 

L983 

841.96 

468.40 

1310.36 

841.35 

468.50 

1309.85 

838.61 

469.92 

1308.58 

L984 

905.93 

502.61 

1408.54 

905.38 

502.61 

1407.99 

903.  Ol 

504.25 

1407.26 

L985 

955.19 

528.53 

1483.72 

954.57 

528.51 

1483.08 

951.99 

S3&.22 

1482.21 

L986 

1007.12 

555.78 

1562.90 

1006.43 

555.74 

1562.17 

1003.62 

557.54 

1561.16 

987 

1061.88 

584.44 

1646.32 

1061.11 

584.37 

1645.48 

1058.05 

586.25 

1644.30 

988 

1119.61 

614.57 

1734.18 

1118.77 

614.48 

1733.25 

1115.44 

616.45 

1731.89 

989 

1180.48 

646.26 

1826.74 

1179.55 

646.14 

1825.69 

1175.93 

648.21 

1824.14 

.990 

1244.67 

679.58 

1924.25 

1243.64 

679.43 

1923.07 

1239.71 

682.59 

1921.30 

991 

1312.34 

714.62 

2026.96 

1311.21 

714.44 

2025.65 

1306.95 

716.70 

2023.65 

992 

1383.69 

751.47 

2135.16 

1382.45 

751.25 

2133.70 

1377.83 

753.62 

2131.45 

993 

1458.92 

790.22 

2249.14 

1457.56 

789.95 

2247.51 

1452.56 

792.44 

2245.00 

994 

1538.25 

830.96 

2369.21 

1536.75 

830.65 

2367.40 

1531.36 

833.26 

2364.61 

995 

1621.88 

873.81 

2495.69 

1620.24 

873.45 

2493.69 

1614.40 

876.18 

2490.58 

996 

1687.94 

908.56 

2596.50 

1686.19 

908.19 

2594.38 

1680.06 

911.00 

2591.06 

997 

2756.70 

944.70 

2701.40 

1754.83 

944.31 

2699.14 

1748.39 

947.21 

2695.60 

998 

1828.26 

982.28 

2810.54 

1826.26 

981.87 

2808.13 

1819.50 

984.85 

2804.35 

999 

1902.73 

1021.34 

2924.07 

1900. 60 

1020.92 

2921.52 

1893.50 

1023.99 

2917.49 

000 

1980.23 

1061.97 

3042.20 

1977.96 

1061.52 

3039.48 

1970.51 

1064.68 

3035.19 

2060.89 

1104.21 

3165.10 

2058.47 

1103.74 

3162.21 

2050.65 

1106.99 

3157.64 

002 

2144.84 

1148.12 

3292.96 

2142.26 

1147.64 

3289.90 

2134.05 

1150.99 

3285.04 

003 

2232.21 

1193.79 

3426.00 

2229.47 

1193.28 

3422.75 

2220.85 

1196.73 

3417.58 

004 

2323.13 

1241.27 

3564.40 

2320.22 

1240.74 

3560.96 

2311.17 

1244.29 

3555.46 

2417.76 

1290.64 

3708.40 

2414.66 

1290.09 

3704.75 

2405.17 

1293.74 

3698.91 

Tabic  11-7  (Continued) 


50  nal/10  min/ 1000  ft  50  nal/10  aln/1000*  ft  15  (tti /I  altl/20ftP  ft 


Crew  &  Crew  &  Cfev  6 


Year 

Fuel 

Maine. 

Total 

Fuel 

Maint. 

Total 

Ftlfel 

(ttiat. 

fotdl 

1979 

623.79 

354.42 

978.21 

624.73 

354.36 

979.09 

627.44 

352.96 

980.40 

1980 

671.58 

380.32 

1051.90 

672.45 

380.17 

1052.62 

674.98 

378.81 

1053.79 

1981 

723.04 

408.10 

1131.15 

723.81 

407.85 

1131.66 

726.13 

306.44 

1132.68 

1982 

778.43 

437.92 

1216.36 

779.10 

437.56 

1216.66 

781.15 

436.33 

1217.48 

1983 

838.07 

469.92 

1307.99 

838.61 

469.42 

1308.03 

840.34 

468.28 

1308.62 

1984 

902.28 

504.25 

1406.53 

902.67 

503.61 

1406.28 

904.01 

502.58 

1406.59 

1985 

951.24 

530.22 

1481.46 

951.82 

529.52 

1481.34 

953.16 

528.48 

1  31.64 

1986 

1002.85 

557.54 

1560.39 

1003.64 

556.76 

1560.40 

1004.97 

555.71 

1560.68 

1987 

1056.26 

586.25 

1643.51 

1058.28 

585.40 

1643.68 

1059.61 

584.34 

1643.95 

1988 

1114.63 

616.45 

1731.08 

1115.90 

615.51 

1731.41 

1117.21 

614.45 

1731.66 

1989 

1175.11 

648.21 

1823.32 

1176.66 

647.17 

1823.83 

1177.94 

646.12 

1824.06 

1990 

1238.87 

681.59 

1920.46 

1240.72 

680.46 

1921.18 

1241.98 

679.41 

1921.39 

1991 

1306.09 

716.70 

2022.79 

1308.27 

715.47 

2023.74 

1309.50 

714.42 

2023.92 

1992 

1376.96 

753.62 

2130.58 

1379.50 

752.27 

2131.77 

1380.69 

751.23 

2131.92 

1993 

1451.67 

792.44 

2244.11 

1454.61 

790.97 

2245.58 

2455.75 

789.94 

2245.69 

1994 

1530.44 

833.26 

2363.70 

1533.81 

831.66 

2365.47 

1534.89 

830.65 

2365.54 

1995 

1613.48 

876.18 

2489.66 

1617.32 

874.44 

2491.76 

1618.33 

873.45 

2491.78 

1996 

1679.11 

911.00 

2590.11 

1682.91 

909.27 

2592.18 

1684.13 

908.18 

2592.31 

1997 

1747.41 

947.21 

2694.62 

1751.16 

945.50 

2696.66 

1752.61 

944.28 

2696.89 

1998 

1818.48 

984.85 

2803.34 

1822.17 

983.16 

2805.33 

1823.87 

981.83 

2805.70 

1999 

1892.45 

1023.99 

2916.44 

1896.07 

1022.33 

2918.40 

1898.02 

1020.87 

2918.88 

2000 

1969.42 

1064.68 

3034.11 

1972.96 

1063.05 

3036.01 

1975.20 

1061.45 

3036.65 

2001 

2049.53 

1106.99 

3156.53 

2052.97 

1105.40 

3158.37 

2055.51 

1103.65 

3159.16 

2002 

2132.89 

1150.99 

3283.89 

2136.23 

1149.44 

3285.67 

2139.08 

1147.53 

3286.61 

2003 

2219.65 

1196.73 

3416.38 

2222.86 

1195.23 

3418.09 

2226.06 

1193.15 

3419.21 

2004 

2309.93 

1244.29 

3554.23 

2313.01 

1242.84 

3555.85 

2316.57 

1240.59 

3557.16 

2005 

2403.89 

1293.74 

3697.63 

2406.81 

1292.35 

3699.16 

2410.76 

1289.91 

3700.67 
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CEP  ANNUAL  USER  FLIGHT  O&M  COST  ESTIMATES 
(Millions  of  1979  US  Dollars) 


100- SO  n»l/14  min/ 2000  ft  50  nal/15  aln/2000  ft  50  Mi/lO  glfl/jOOO 't t 


Year 

Fuel 

Crew  & 
Mhint . 

Total 

Fuel 

Crew  & 
Maine. 

Total 

Fuel 

Crew  6 
Maine. 

Total 

1979 

628.90 

352.96 

981.86 

628.90 

342.96 

981.86 

628.17 

352.96 

981.13 

1980 

676.99 

378.76 

1055.75 

676.93 

378.70 

1055.63 

676.11 

378.76 

1054.87 

1981 

728.75 

406.44 

1135.19 

728.64 

406.33 

1134.97 

727.72 

406.44 

1134.16 

1982 

784.48 

436.15 

1220.63 

784.29 

435.96 

1220.25 

783.26 

436.15 

1219.41 

1983 

844.46 

468.03 

1312.49 

844.19 

467.76 

1311.95 

843.04 

468.02 

1311.07 

1984 

909.03 

502.24 

1411.27 

908.67 

501.88 

1410.55 

907.39 

502.24 

1409.63 

1985 

958.44 

528.25 

1486.59 

958.08 

527.77 

1485.85 

956.73 

528.13 

1484.86 

1986 

1010.54 

555.40 

1565.94 

1010.17 

554.99 

1565.16 

1008.76 

555.36 

1564.12 

1987 

1065.46 

584.06 

1649.52 

1065.09 

583.62 

1648.71 

1063.61 

583.99 

1647.60 

1988 

1123.38 

614.19 

1737.57 

1123.00 

613.72 

1736.72 

1121.45 

614.10 

1735.55 

1989 

1184.44 

645.88 

1830.32 

1184.06 

645.38 

1829.44 

1182.43 

645.75 

1828.18 

1990 

1248.82 

679.20 

1928.02 

1248.44 

678.67 

« 

1927.11 

1246.73 

679.04 

1925.77 

1991 

1316.70 

714.24 

2030.94 

1316.32 

713.68 

2030.00 

1314.52 

714.05 

2028.57 

1992 

1288.27 

751.09 

2139.36 

1387.89 

750.49 

2138.38 

1386.00 

750.86 

2136.86 

1993 

1463.72 

789.85 

2253.57 

1463.35 

789.20 

2252.55 

1461.37 

789.57 

2250.94 

1994 

1543.29 

830.60 

2373.89 

1542.92 

829.91 

2372.83 

1540.83 

830.28 

2371.11 

1995 

1627.17 

873.45 

2500.62 

1626.81 

872.72 

2499.53 

1624.62 

873.08 

2497.70 

1996 

1693.45 

908.25 

2601.70 

1693.08 

907.51 

2600.59 

1690.80 

907.82 

2498.62 

1997 

1762.42 

944.44 

2706.86 

1762.06 

943.68 

2705.74 

1759.68 

943.94 

2703.62 

1998 

1834.21 

982.08 

2816.29 

1833.84 

981.29 

2815.13 

2831.37 

981.49 

2812.86 

1999 

1908.92 

1021.21 

2930.13 

1908.55 

1020.41 

2928.96 

1905.98 

1020. 54 

2926.52 

2000 

1986.68 

1061.90 

3048.58 

1986.30 

1061.08 

3047.38 

1983.62 

1061.15 

3044.77 

2001 

2067.60 

1104.21 

3171.81 

2067.22 

1103.37 

3170.59 

2064.43 

1103.37 

3167.80 

2002 

2151.81 

1148.21 

3300.02 

2151.44 

1147.35 

3298.79 

21*8.53 

1147.27 

3295.80 

2003 

2239.46 

1193.96 

3433.42 

2239.08 

1193.08 

3432.17 

2236.06 

1192.92 

3428.98 

2004 

2330.68 

1241.54 

3572.22 

2330.31 

1240.64 

3570.95 

2327.16 

1240.38 

3567.54 

2005 

2425.61 

1291.01 

3716.62 

2425.24 

1290.09 

3715.33 

2421.96 

1289.73 

3711.69 
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25  nai/lO  iUn/20g0  ft  25  nnl/5  aln/2000  ft  50  flal/lS  ain/lOOfl  it 


Year 

Fual 

Crtv  6 
Maine. 

Total 

Fual 

Craw  & 
Maine. 

Total 

Fuel 

Cthl  L 
Maine. 

Total 

1979 

628.17 

353.32 

981.49 

627.44 

353.69 

981.13 

623.97 

354.42 

978.39 

1980 

675.90 

379.12 

1055.02 

625.19 

379.44 

1054.63 

671.85 

380.32 

1052.17 

1981 

727.25 

406.81 

1134.06 

726.57 

407.07 

1133.64 

723.39 

408.10 

1131.49 

1982 

782.51 

436.52 

1219.03 

781.86 

436.70 

1218.56 

778.90 

437.92 

1216.82 

1983 

841.96 

468.40 

1310.36 

841.35 

468.50 

1309.85 

838.66 

469.92 

1308.58 

1984 

905.93 

502.61 

1408.54 

905.38 

502.61 

1407.99 

903.01 

504.25 

1407.26 

1985 

955.19 

528.53 

1483.72 

954.57 

528.51 

1483.08 

951.99 

530.22 

1482.21 

1986 

1007.12 

555.78 

1562.90 

1006.43 

555.74 

1562.17 

1003.62 

557.54 

1561.16 

1987 

1061.88 

584.44 

1646.32 

1061.11 

584.37 

1645.48 

1058.05 

586.25 

1644.30 

1988 

1119.61 

614.57 

1734.18 

1118.77 

614.48 

1733.25 

1115.44 

616.45 

1731.89 

1989 

1180.48 

646.26 

1826.74 

1179.55 

646.14 

1825.69 

1175.93 

648.21 

1824.14 

1990 

1244.67 

679.58 

1924.25 

1243.64 

679.43 

1923.07 

1239.71 

682.59 

1921.30 

1991 

1312.34 

714.62 

2026.96 

1311.21 

714.44 

2025.65 

1306.95 

716.70 

2023.65 

1992 

1383.69 

751.47 

2135.16 

1382.45 

751.25 

2133.70 

1377.83 

753.62 

2131.45 

1993 

1458.92 

790.22 

2249.14 

1457.56 

789.95 

2247.51 

1452.56 

792.44 

2245.00 

1994 

1538.25 

830.96 

2369.21 

1536.75 

830.65 

2367.40 

1531.36 

833.26 

2364.61 

1995 

1621.88 

873.81 

2495.69 

1620.24 

873.45 

2493.69 

1614.40 

876.18 

2490.58 

1996 

1687.94 

908.56 

2596.50 

1686.19 

908.19 

2594.38 

1680.06 

911.00 

2591.06 

1997 

2756.70 

944.70 

2701.40 

1754.83 

944.31 

2699.14 

1748.39 

947.21 

2695.60 

1998 

1828.26 

982.28 

2810.54 

1826.26 

981. B7 

2808.13 

1819.50 

984.85 

2804.35 

1999 

1902.73 

1021.34 

2924.07 

1900.60 

1020.92 

2921.52 

1893.50 

1023.99 

2917.49 

2000 

1980.23 

1061.97 

3042.20 

1977.96 

1061.52 

3039.48 

1970.51 

1064.68 

3035.19 

2001 

2060.89 

1104.21 

3165.10 

2058.47 

1103.74 

3162.21 

2050.65 

1106.99 

3157.64 

2002 

2144.84 

1148.12 

3292.96 

2142.26 

1147.64 

3289.90 

2134.05 

1150.99 

3285.04 

2003 

2232.21 

1193.79 

3426.00 

2229.47 

1193.28 

3422.75 

2220.85 

1196.73 

3417.58 

2004 

2323.13 

1241.27 

3564.40 

2320.22 

1240.74 

3560.96 

2311.17 

1244.29 

3555.46 

2005 

2417.76 

1290.64 

3708.40 

2414.66 

1290.09 

3704.75 

2405.17 

1293.74 

3698.91 
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50  m 

il/lO  Bin/1000  ft 

50  na 

ii/10  min/1000*  ft 

15  tn 

>1/2  ain/2000  ft 

Year 

FUel 

Ctew  & 
Malnt. 

Total 

Fuel 

Crew  & 
Maint. 

Total 

FUel 

CtMt  6 
Maint. 

Total 

1979 

623.79 

354.42 

978.21 

624.73 

354.36 

979.09 

627.44 

352.96 

980.43 

1980 

671.58 

380.32 

1051.90 

672.45 

380.17 

1052.62 

674.98 

378.81 

1053.79 

1981 

723.04 

408.10 

1131.15 

723.81 

407.85 

1131.66 

726.13 

306.44 

1132.68 

1982 

778.43 

437.92 

1216.36 

779.10 

437.56 

1216.66 

781.15 

436.33 

1217.48 

1983 

838.07 

469.92 

1307.99 

838.61 

469.42 

1308.03 

840.34 

468.28 

1308.62 

1984 

902.28 

504.25 

1406.53 

902.67 

503.61 

1406.28 

904.01 

502.58 

1406.59 

1983 

951.24 

530.22 

1481.46 

951.82 

529.52 

1481.34 

953.16 

528.48 

1481.64 

1986 

1002.85 

557.54 

1560.39 

1003.64 

556.76 

1560.40 

1004.97 

555.71 

1560.68 

1987 

1056.26 

586.25 

1643.51 

1058.28 

585.40 

1643.68 

1059.61 

584.34 

1643.95 

1988 

1114.63 

616.43 

1731.08 

1115.90 

615.51 

1731.41 

1117.21 

614.45 

1731.66 

1989 

1175.11 

648.21 

1823.32 

1176.66 

647.17 

1823.83 

1177.94 

646.12 

1824.06 

1990 

1238.87 

681.59 

1920.46 

1240.72 

680.46 

1921.18 

1241.98 

679.41 

1921.39 

1991 

1306.09 

716.70 

2022.79 

1308.27 

715.47 

2023.74 

1309.50 

714.42 

2023.92 

1992 

1376.96 

753.62 

2130.58 

1379.50 

752.27 

2131.77 

1380.69 

751.23 

2131.92 

1993 

1451.67 

792.44 

2244.11 

1454.61 

790.97 

2245.58 

2455.75 

789.94 

2245.69 

1994 

1530.44 

833.26 

2363.70 

1533.81 

831.66 

2365.47 

1534.89 

830.65 

2365.54 

1995 

1613.48 

876.18 

2489.66 

1617.32 

874.44 

2491.76 

1618.33 

873.45 

2491.78 

1996 

1679.11 

911.00 

2590.11 

1682.91 

909.27 

2592.18 

1684.13 

908.18 

2592.31 

1?97 

1747.41 

947.21 

2694.62 

1751.16 

945.50 

2696.66 

1752.61 

944.28 

2696.89 

1998 

1818.48 

984.85 

2803.34 

1822.17 

983.16 

2805.33 

1823.87 

981.83 

2805.70 

1999 

1892.45 

1023.99 

2916.44 

1896.07 

1022.33 

2918.40 

1898.02 

1020.87 

2918.88 

2000 

1969.42 

1064.68 

3034.11 

1972.96 

1063.05 

3036.01 

1975.20 

1061.45 

3036.65 

2001 

2049.53 

1106.99 

3156.53 

2052.97 

1105.40 

3158.37 

2055.51 

1103.65 

3159.16 

2002 

2132.89 

1150.99 

3283.89 

2136.23 

1149.44 

3285.67 

2139.08 

1147.53 

3286.61 

2003 

2219.65 

1196.73 

3416.38 

2222.86 

1195.23 

3418.09 

2226.06 

1193.15 

3419.21 

2004 

2309.93 

1244.29 

3554.23 

2313.01 

1242.84 

3555.85 

2316.57 

1240.59 

3557.16 

2005 

2403.89 

1293.74 

3697.63 

2406.81 

1292.35 

3699.16 

2410.76 

1289.91 

3700.67 
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3. 


12.0  CEP  PROVIDER  FACILITIES  COST 


12.1  Introduction 

The  ATS  unit  and  COM  station  facilities  operated  by  the  CEP  pro¬ 
viders  involve  O&M  procedures  similar  to  those  in  the  NAT,  The  CEP 
facilities  O&M  costs  are  estimated  in  this  section  following  the  same 
process  used  to  estimate  the  corresponding  NAT  costs. 

12.2  ATS  Unit  Annual  O&M  Costs 

Estimates  of  the  CEP  portion  of  the  ATS  annual  O&M  costs  in  1979 
for  the  FAAs  Oakland  and  Honolulu  ACCs  have  been  presented  (ref.  1). 
Allowing  for  an  increase  in  these  previous  estimates  due  to  certain 
overhead  costs  which  were  not  originally  included,  the  1979  ATS  facility 
O&M  costs  in  the  CEP  are  roughly  projected  to  be  $5  million.  The  O&M 
costs  for  present  system  continuance  are  assumed  to  increase  at  a  4.25% 
annually  compounded  growth  rate  based  on  a  projected  195%  CEP  traffic 
increase  from  1979  to  2005,  as  shown  in  Table  12-1. 

The  ATS  facility  capital  improvement  and  O&M  costs  for  any  auto¬ 
matic  dependent  surveillance  and  cooperative  independent  surveillance 
potential  improvements  in  the  CEP  are  assumed  to  follow  the  same  expen¬ 
diture  characteristics  as  those  postulated  for  the  NAT  facilities, 
except  that  no  additional  RDT&E  program  costs  are  assumed  to  be  required 
beyond  those  previously  included  in  the  NAT  cost  estimates  in  Section 
7.  The  equipment  costs  are  assumed  to  be  $250  thousand  per  sector  as 
estimated  for  the  NAT,  and  the  CEP  provider  capital  cost  estimates  are 
calculated  as  follows.  The  two  ATS  units  operated  about  6  CEP  sectors 
in  1979  with  allowance  for  shared  CEP  and  non-CEP  responsibilities  at 
each  site.  Assuming  that  automatic  dependent  surveillance  operations 
could  be  initiated  in  1990  and  allowing  for  the  4.25%  annual  compound 
growth  rate  in  sectorization,  9  sectors  would  be  required  in  1990  at  a 
cost  of  $2.25  million  as  shown  in  Table  12-1.  The  9  sector  equipment 
units  are  assumed  to  be  purchased  in  1987  to  allow  time  for  installation 
and  for  a  two-year  operational  shake-down  in  1988  and  1989.  Allowing  for 
continued  sectorization  growth  at  the  4.25%  rate,  3  additional  sectors 
are  assumed  to  be  required  every  five  years  at  a  cost  of  $0.75  million 
in  each  of  1995,  2000  and  2005  as  shown  in  Table  12-1. 

Similar  capital  cost  estimates  are  assumed  for  independent  coopera¬ 
tive  surveillance  except  that  improvement  operations  are  assumed  to  be 
initiated  in  1995  with  an  initial  purchase  of  12  sector  equipment  units 
in  1992  at  a  cost  of  $3.0  million  as  shown  in  Table  12-1.  (Note:  These 
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Table  12-1 


;  CEP  ATS  UNIT  PROVIDER  COST  ESTIMATES 

*  (Millions  of  1979  US  Dollars) 


Present 

SysteM 

Continuance 

Automatic 

Dependent 

Surveillance 

Independent 

cooperative 

Surveillance 

Annual 

Annual 

Annual 

Year 

O&M* 

Capital  * 

O&M* 

Capital T 

O&M* 

1979 

5.0 

1980 

5.2 

1981 

5.4 

1982 

5.7 

1983 

5.9 

1984 

6.2 

1985 

6.4 

1986 

6.7 

1987 

7.0 

2.25 

7.0 

1988 

7.3 

7.3 

1989 

7.6 

7.6 

1990 

7.9 

7.9 

1991 

8.2 

8.2 

1992 

8.6 

8.6 

3.0 

'  8.6 

1993 

9.0 

9.0 

t 

HKO 

1994 

9.3 

9.3 

• 

9.3 

1995 

9.7 

0.75 

9.7 

9.7 

1996 

10.1 

10.1 

10.1 

1997 

10.6 

10.6 

10.6 

1998 

11.0 

11.0 

11.0 

1999 

11.5 

11.5 

11.5 

12.0 

0.75 

12.0 

0.75 

12.0 

2001 

12.5 

12.5 

12.5 

2002 

13.0 

13.0 

13.0 

2003 

13.6 

13.6 

13.6 

2004 

14.2 

14.2 

14.2 

2005 

14.8 

0.75 

14.8 

0.75 

14.8 

* 

Indicated 

values  are  based 

on  a  4.25 % 

annual 

compound  growth  rate 

starting  with  the  present 

system  1979 

cost. 

Indicated  values  include  a  $2.25  million  (or  $3  million)  initial 
equipment  purchase  cost  and  $0.75  million  periodic  equipment  expansion 
costs;  all  capital  costs  assume  a  20  year  recovery  life. 


O&M  cost  estimates  are  provided  for  information  purposes  since  the 
cooperative  independent  surveillance  operation  in  the  CEP  is  not 
explicitly  addressed.) 

In  accordance  with  the  discussions  presented  in  Section  7,  the  ATS 
annual  O&M  costs  for  the  automatic  dependent  and  independent  cooperative 
surveillance  system  are  assumed  to  be  the  same  as  those  for  present 
system  continuance  as  shown  in  Table  12-1. 

12.3  COM  Station  Annual  O&M  Costs 

Estimates  of  the  1979  COM  station  O&M  costs  for  the  CEP  have  been 
prepared  (ref.  2)  and  show  an  annual  cost  of  $1.2  million.  The  present 
system  O&M  costs  are  assumed  to  increase  at  the  4.25%  annually  com¬ 
pounded  growth  rate  defined  in  the  preceding  paragraphs.  Following  the 
logic  used  to  estimate  NAT  costs  for  the  improvement  alternatives,  the 
annual  O&M  costs  of  the  network  HF  system  are  assumed  to  be  42%  of  the 
corresponding  present  system  continuance  costs,  and  the  annual  O&M  costs 
of  the  satellite  and  multiple  satellite  systems  are  assumed  to  be  33%  of 
the  corresponding  present  system  continuance  costs.  The  resulting 
annual  costs  shown  in  Table  12-2  represent  the  estimated  expenses  that 
would  be  required  if  the  respective  systems  were  in  operation  in  the 
year  indicated. 
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2. 


Tablo  12-2 


CEP  COM  FACILITY  ANNUAL  O&M  COST  ESTIMATES 
(Millions  of  J979  US  Dollars) 


Satellite 

Data  Link 

Network 

and  Voice 

Present 

HF 

or 

System  ^ 

Data  Link 

Multiple 

Year 

Continuance 

&  Voiced 

Satellite' 

1979 

1.20 

1980 

1.25 

1981 

1.30 

1982 

1.36 

1983 

1.42 

1984 

1.48 

1985 

1.54 

1986 

1.61 

1987 

1.67 

1988 

1.75 

1989 

1.82 

1990 

1.90 

0.80 

0.63 

1991 

1.98 

0.83 

0.65 

1992 

2.06 

0.87 

0.68 

1993 

2.15 

0.90 

0.71 

1994 

2.24 

0.94 

0.74 

1995 

2.34 

0.98 

0.77 

1996 

2.43 

1.02 

0.80 

1997 

2.54 

1.07 

0.84 

1998 

2.65 

1.11 

0.87 

1999 

2.76 

1.16 

0.91 

2000 

2.88 

1.21 

0.95 

2001 

3.00 

1.26 

0.99 

2002 

3.13 

1.31 

1.03 

2003 

3.26 

1.37 

1.08 

2004 

3.40 

1.43 

1.12 

2005 

3.54 

1.49 

1.17 

Indicated  values  are  based  on  a  4.25 %  compound  annual  growth  rate. 

^Each  Indicated  value  is  equal  to  42%  of  the  corresponding  present 
system  continuance  cost. 

*Each  Indicated  value  is  equal  to  33%  of  the  corresponding  present 
system  continuance  cost. 
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13.0  CEP  IMPROVEMENT  CONFIGURATIONS  AND  COST  COMPARISONS 


13.1  Introduction 

The  CEP  potential  improvement  configurations  addressed  in  this  sec¬ 
tion  are  extensions  of  some  of  the  primary  improvements  considered  for 
the  NAT.  Since  the  configuration  components  are  similar  to  those 
described  for  the  NAT  (see  Section  8),  descriptions  of  the  configuration 
constructions  would  be  redundant  and  are  not  presented  in  this  section. 
Instead,  selected  configurations  are  identified  and  their  costs  are 
compared. 


13.2  Potential  Improvement  Configurations 

The  following  set  of  improvement  configurations  is  based  on  the 
assumption  that  each  configuration  is  developed  by  evolutionary  improve¬ 
ments  to  the  1979  present  system  and  its  continuance: 

(1)  Configuration  1.  Baseline,  HF  SSB,  50  nmi/15  min/ 2000  ft 

through  1984,  (50  nmi/10  min/2000  ft  in 
1985 

(2)  Configuration  2.  1000  ft  Vertical  Separation  Oceanic 

Only,  HF  SSB  Voice,  50  nmi/10  min/2000  ft 
in  1985 

(3)  Configuration  3.  1000  ft  Vertical  Separation  Oceanic 

Only  With  Improved  Altimetry,  HF  SSB  Voice, 
50  nmi/10  min/1000  ft  in  1988 

(4)  Configuration  4.  1000  ft  Vertical  Separation  Oceanic 

and  Domestic,  HF  SSB  Voice,  50  nmi/ 

10  min/1000  ft  in  1985 

(5)  Configuration  5.  1000  ft  Vertical  Separation  Oceanic 

and  Domestic  With  Improved  Altimetry, 

HF  SSB  Voice,  50  nmi/10  min/1000  ft 
in  1988 

(6)  Configuration  6.  Separation  Assurance  Device  With  100% 

Avionics  Capital  Cost  Allocation, 

HF  SSB  Voice,  25  nmi/5  min/2000  ft 
in  1990 
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(7)  Configuration  7.  Separation  Assurance  Device  With  50Z 

Avionics  Capital  Cost  Allocation, 

HF  SSB  Voice,  25  nmi/5  min/2000  ft 
in  1990 

(8)  Configuration  8.  Automatic  Dependent  Surveillance  with 

Network  HF  Data  Link  and  Voice, 

MNPS  (Improved),  25  nmi/5  min/2000  ft 
in  1990 

(9)  Configuration  9.  Automatic  Dependent  Surveillance  with 

Satellite  Data  Link  and  Voice, 

MNPS  (improved),  25  nmi/5  min/2000  ft 
in  1990 

The  specific  evolution  of  separation  minima  for  each  configuration 
is  specified  in  Table  13-1.  The  separation  minima  corresponding  to  each 
improvement  conform  to  the  analogous  separations  defined  for  the  NAT 
configurations.  However,  for  the  CEP,  a  100  nrai  rather  than  a  120  nmi 
initial  lateral  separation  minimum  is  used,  because  of  existing  opera¬ 
ting  procedures,  and  a  25  nmi  reduced  lateral  separation  minimum  is 
assumed  for  the  CEP  rather  than  the  30  nmi  minimum  assumed  in  the  NAT. 
The  baseline  configuration  assumes  establishment  of  50  nmi/10  min/  2000 
ft  operations  in  1985  based  on  analogous  NAT  procedural  modifications  to 
the  separation  minima  although  such  modifications  have  not,  as  yet,  been 
formally  planned  for  the  CEP. 

The  provider  anu  user  capital  and  O&M  costs  estimated  for  each 
configuration  are  shown  in  Tables  13-2  through  13-10.  These  data  are 
based  on  the  cost  estmates  given  in  Sections  10,  11,  and  12  and  assume 
that  the  respective  improvements  are  coordinated  with  and  dependent  on 
similar  improvements  in  the  NAT,  although,  as  previously  mentioned, 
various  CEP  improvements  could  be  implemented  independently  of  NAT 
applications.  The  preliminary  system  design  and  development  costs  for 
the  improvements  are  assumed  to  be  required  for  NAT  implementations  and 
are  not  allocated  to  the  CEP.  The  capital,  O&M,  and  total  costs  esti¬ 
mated  for  each  configuration  during  the  1979  through  2005  time  period 
are  summarized  in  Table  13-11. 

13.3  Configuration  Cost  Comparisons 

The  1979  present  values  of  the  user  and  provider  capital,  O&M,  and 
total  outlays  during  the  1979  through  2005  time  period  are  shown  in 
Tables  13-12  and  Table  13-13  for  each  configuration.  The  present  values 
are  based  on  the  same  inflation  and  discount  rate  assumptions  applied  to 
the  NAT. 
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TABLE  13-2 

COST  SUMMARY  FOR  CEP  CONFIGURATION  t i 
BASELINE 


8.340  3711.690  3730.030  12005 


TABLE  13-3 

COST  SIRMART  FOR  CEP  CONFIGURATION  2« 
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COST  SUMMARY  FOR  CEP  CONFIGURATION  6> 

SEPARATION  ASSURANCE  DEVICE  WITH  tOOX  AVIONICS  CAPITAL  COST  ALLOCATION 
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COST  SUTtl ARY  FOR  CEP  CONFIGURATION  7i 

SEPARATION  ASSURANCE  DEVICE  MITH  5 OX  AVIONICS  CAPITAL  COST  ALLOCATION 
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AUTOMATIC  DEPENDENT  SURVEILLANCE  UITH  NETWORK  HF  DATA  LINK  AND  VOICE 
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r  TOTALS  OVt*  ALL  YtABS  TOR  ALL  CIP  CCA*  ICUUT IONS 


PRESENT  VALUE  COST  SUTVURY  TOTALS  OVER  ALL  TEARS  FOR  ALL  CEP  C0NT1SURATI0NS 


The  1979  present  values  of  the  net  savings  relative  to  'the  baseline 
configuration  are  presented  in  Tables  13-14  and  13-15  for  each  configur¬ 
ation.  The  net  savings  results  are  the  same  as  those  obtained  for  the 
NAT  in  terms  of  the  economic  feasibilities  o?  the  various  configurations. 
The  discussions  in  Section  9  addressing  NAT  configuration  cost  compari¬ 
sons  apply,  in  general,  to  the  CEP  configuration  costs. 
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PRESENT  VAUJC  NET  SAVINGS  TOTALS  OVER  ALL  TEARS  PGR  EACH  CEP  CONFIGURATION 


14.  CAR  Potential  Improvinents  and  Costs 


14.1  Introduction 

The  HF  data  link,  Satellite  and  separation  assurance  device  Options 
considered  for  the  NAT  might  be  applied  to  the  CAR.  This  section  esti¬ 
mates  the  costs  of  such  extensions  based  on  the  assumption  that  develop¬ 
mental  and  other  costs  are  borne  by  associated  NAT  improvements. 

The  CAR,  for  the  purposes  of  this  report,  as  shown  in  Figure  14-1, 
includes  the  Curacao,  Habana,  Houston,  Kingston,  Maiquetia,  Merida, 
Piarco  and  Santo  Domingo  CTA/FIRs,  parts  of  the  Miami  and  San  Juan 
CTA/FIRs,  and  the  Port-au-Prince  FIR.  The  CAR  differs  substantially 
from  the  NAT  and  CEP.  For  example,  the  CAR  includes  terminal  as  well  as 
enroute  ATC  facilities.  It  has  radar  coverage  in  selected  areas  (see 
Figure  14-2),  and  VHF  communications  in  some  terminal  areas  and  along 
some  major  routes  (e.g.,  the  Saa  Juan-Miami  corridor).  Unlike  other 
areas  considered,  the  CAR  has  an  extensive  network  of  routes  served  by 
ground  based  navigation  aids  including  a  large  number  of  NDBs. 

The  land  masses  in  the  CAR  could  provide  more  high  altitude  VHF 
coverage  from  ground-based  air-ground  communication  transceiver  sites 
than  presently  available.  Figure  14-3  shows  the  (approximate)  limits  of 
coverage  that  might  be  obtained  with  conventional  land  based  VHF  trans¬ 
ceivers  without  respect  to  terrain,  economic,  institutional  or  other 
factors.  In  practice,  almost  complete  air-ground  communication  coverage 
of  the  Gulf  of  Mexico  might  be  obtained  using  extended  range  VHF. 

Certain  carriers  are  already  certificated  to  fly  some  Gulf  of  Mexico 
routes  (subject  to  minimum  altitude  restriction)  using  privately 
operated  remote  VHF  transceivers.  The  uncontrolled  eastern  deep  ocean 
portion  of  the  Piarco  FIR  is  the  only  region  which  is  totally  dependent 
on  HF  coverage.  (Note  that  a  large  part  of  the  San  Juan  CTA/FIR  is 
assumed  to  be  in  the  NAT  for  analysis  purposes;  see  Figure  14-1.) 

Enroute  high  altitude  traffic  flow  in  the  CAR  is  discussed  in 
reference  1.  The  uncontrolled  eastern  area  of  Piarco  is  estimated,  on 
peak  days,  to  have  a  total  of  16  aircraft  flying  through  it.  The  peak 
instantaneous  aircraft  count,  based  on  this  traffic  flow  might  only  be 
one  or  two  aircraft.  Reference  1  indicates  an  instantaneous  peaking  of 
49  scheduled  aircraft  in  the  entire  CAR.  However,  many  of  these  air¬ 
craft  are  estimated  to  be  in  parts  of  the  CAR  airspace  which  are  served 
by  VHF  communications.  Only  10  to  20  aircraft  may  actually  require  HF 
SSB  air-ground  communications  at  any  one  time. 
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CAR  AIRSPACE  JURISDICTIONAL  STRUCTURE 


FIGURE  14-2  CAR  EN  ROUTE  RADAR  COVERAGE 


CAR  VHF  THEORETICAL  COVERAGE  AT  FL300 


Extension  of  communications  improvements  into  the  CAR  such  as  auto¬ 
matic  dependent  surveillance  with  network  HF  data  link  and  voice  or  with 
satellite  data  link  and  voice  require  that  eleven  ATS  airspace  jurisdic¬ 
tions  operate  under  an  integrated  plan  which  would  determine  the  method 
of  communications  to  be  used  by  aircraft  at  any  given  time  (i.e.,  under 
an  integrated  operation  that  coordinates  the  current  VHF  and  the  pro¬ 
posed  network  HF  or  satellite  direct  communications).  Further,  the 
method  of  distribution  of  air-ground  communications  to  ATC  facilities 
via  any  of  the  improvements  would  need  to  be  defined  ifl  the  COtttBXfc  Of 
the  need  to  coordinate  aircraft  flying  through  many,  sometimes  small, 
CTA/FlRs.  The  estimation  of  the  costs  of  communications  in  this  Section 
is  simplified  by  assuming  that  each  CTA/FIR  would  have  satellite  ground- 
ground  communications  for  linking  either  the  ILF  or  satellite  data  link 
and  voice  system  alternatives  to  these  CTA/FIRs  for  receiving  or  trans¬ 
mitting  air-ground  reports  from  properly  equipped  aircraft. 

14.2  Extension  of  the  Automatic  Dependent  Surveillance  With 
Network  HF  Data  Link  and  Voice  to  the  CAR 

The  NAT  improvement  descriptions  in  Section  5  assumed  that  one 
ground  station  would  cover  part  of  the  CAR,  (e.g.,  with  a  COM  station 
located  near  San  Juan).  Hence,  it  may  be  assumed  that  only  one  addi¬ 
tional  station,  estimated  to  cost  $1  million  would  be  required  to  serve 
all  the  CAR.  In  addition,  it  is  assumed  that  the  NAT  master  control 
stations  would  handle  the  data  management  for  such  a  system.  The  maxi¬ 
mum  load  of  50  or  so  CAR  aircraft  on  the  NAT  master  stations  should  not 
significantly  effect  their  cost.  Table  14-1  shows  the  ground  station 
capital  and  O&M  costs  spread  over  three  years.  In  addition  it  is 
assumed  that  ten  satellite  or  other  communications  links  would  be 
required  to  link  ATC  facilities  to  the  HF  network  master  control  sta¬ 
tions.  The  ATS  airspace  jurisdictions  shown  in  Figure  14-1  (excluding 
the  San  Juan  and  Miami  NAT  CTA/FIR  whose  costs  have  been  included  in  the 
NAT  estimates)  would  each  have  a  terminal. 

The  ATS  airspace  jurisdictions  in  the  CAR  have  varying  capabilities 
in  terms  of  coimnunications  equipment  which  could  support  the  links 
between  master  stations  and  ATC  facilities.  It  is  assumed  that  such 
links  could  be  provided  at  a  cost  of  $10,000  per  month  per  link.  (It 
should  be  noted  that  satellite  ground  stations  can  be  constructed  for 
$150,000  or  less  per  station.  Monthly  rental  of  such  a  station  may  be 
estimated  at  $1,500.  In  addition,  US  domestic  satellite  links  may  be 
leased  at  costs  of  approximately  $5,000.  Therefore,  the  $10,000  figure 
appears  reasonable.  More  precise  estimates  of  these  costs  can  only  be 
obtained  by  examination  of  communications  policies  and  regulations  of 
individual  FIRs. 

Table  14-2  shows  avionics  cost  estmates,  which  are  based  in  part  on 
an  estimated  fleet  size  of  400  aircraft  in  the  enroute  enivronment 
(excluding  aircraft  also  using  the  NAT).  Explicit  data  describing  fleet 
size  was  not  available,  and  therefore,  the  fleet  size  estimate  is  based 
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Table  14-1 


NETWORK  HF  DATA  LINK  AND  VOICE 
USER  COSTS  FOR  AVIONICS  INSTALLATION  AND  OPERATION 

FOR  THE  CAR 
(1979  US  Dollars) 
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Added  HF  costs  only  for  13.2  aircraft/year. 


on  Che  assumpCion  Chat  Che  raCio  of  fleeC  size  Co  number  of  high  alti- 
Cude  en  rouCe  flighCs  per  day  in  Che  CAR  is  approximaCely  Che  same  in 
Che  CAR  as  in  Che  NAT.  The  CAR  is  escimated  Co  have  abouC  250  flights 
per  day,  excluding  an  addicional  150  flights  Chat  also  fly  through  Che 
NAT  (ref.  1).  The  estimated  1,059  aircraft  fleet  size  and  656  daily 
costed  flighCs  in  Che  NAT  in  1979  obtains  a  ratio  of  1.6,  which  when 
applied  Co  Che  250  daily  CAR  flights,  obtains  a  400  aircraft  fleet 
size.  The  fleet  growth  rate  is  assumed  to  correspond  to  the  increase  in 
the  number  of  flights,  which  are  estimated  to  grow  by  78%  by  the  year 
2005  (ref.  1)  and  is  comparable  to  the  MAT  growth  rate. 


14.3  Extension  of  the  Automatic  Dependent  Surveillance  With 
Satellite  Data  Link  and  Voice  to  the  CAR 

Table  14-3  shows  assumed  satellite  and  ground  station  costs  for  the 
CAR.  This  table  was  obtained  by  assuming  that  10  small  C-band  ground 
stations  would  be  used  to  access  the  NAT  system  (the  San  Juan  and  Miami 
NAT  cos ts  have  been  allocated  to  NAT  implementation).  These  stations 
would  have  low  volume  communications  and  would  use  C-band  channels 
provided  for  by  the  space  segment.  Such  stations  might  be  fabricated 
and  installed  over  a  four  year  period  at  a  cost  of  $150,000  each. 

The  nominal  cost  of  a  satellite  and  launch  for  the  NAT  was 
$4,700,000.  A  peak  load  increase  of  40  CAR  aircraft  (versus  about  225 
aircraft  for  which  the  proposed  NAT  system  was  designed)  will  have  very 
little  effect  on  the  data  flow  requirements  of  the  NAT  system  because 
NAT  satellite  improvement  costs  were  dominated  by  a  voice  channel.  It 
is  probable  that  this  voice  channel  will  be  adequate  to  support  CAR 
aviation  needs  for  the  very  limited  number  of  flights  in  the  CAR  which 
are  not  within  VHF  voice  coverage.  Each  NAT  satellite  package  and  launch 
is  allocated  an  additional  $1  million  to  cover  possible  increased  weight 
and  power  requirements  for  the  increased  number  of  transponders  and 
associated  components  needed  for  CAR  air-ground  communication  and 
supporting  ground-ground  communications.  This  cost  is  an  18%  increase 
over  NAT  estimates  based  on  the  estimated  number  of  CAR  aircraft  using 
HF  SSB. 

No  additional  tracking,  telemetry  and  command  costs  are  needed  for 
the  CAR  because  the  NAT  master  stations  are  assumed  capable  of  handling 
communications  management  functions.  A  cost  of  $100,000  per  year  is 
allocated  to  maintaining  ground  terminals. 

Table  14-4  shows  avionics  costs  under  the  same  assumptions  dis¬ 
cussed  in  Section  14.2. 


Table  14-3 


SATELLITE  DATA  LINK  AND  VOICE 
PROVIDER  COSTS  FOR  IMPLEMENTING  AND  OPERATING 
THE  GROUND  AND  SPACE  SEGMENTS  FOR  THE  CAR 
(1979  US  Dollars) 


Ground 


Year 

Satellites 

Stations 

Maintenance 

1985 

375,000 

100,000 

1986 

1,000,000 

(incremental 

satellite 

costs ) 

375,000 

100,000 

1987 

375,000 

100,000 

1988 

1,000,000 

(incremental 

satellite 

costs ) 

375,000 

100,000 

1989 

100,000 

1990 

100,000 

1991 

100,000 

1992 

100,000 

1993 

1,000,000 

(incremental 

satellite 

costs) 

100,000 

1994 

100,000 

1995 

1,000,000 

(incremental 

satellite 

costs) 

100,000 

1996 

100,000 

1997 

100,000 

1998 

100,000 

1999 

100,000 

2000 

1,000,000 
(inc remental 

satellite 

costs ) 

100,000 

2001 

100,000 

2002 

1,000,000 

(incremental 

satellite 

costs) 

100,000 

2003 

100,000 

2004 

100,000 

2005 

100,000 
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Table  14-4 


AUTOMATIC  DEPENDENT  SURVEILLANCE  WITH 
SATELLITE  DATA  LINK  AND  VOICE 
USER  COSTS  FOR  AVIONICS  INSTALLATION  AND  dPEftAttON 
FOR  THE  CAR 
(1979  US  Dollars) 


Year 

Retrofit  Costs  (1) 

New  Fleet  Equip¬ 
ment  Cost  (2) 

Total 

Equipment 

Cost 

Yearly  User  Cost 
($l/operating  hour! 

1985 

8,228,520 

660,000 

8,888,520 

422,560 

1986 

8,228,520 

660,000 

8,888,520 

432,440 

1987 

8,228,520 

660,000 

8,888,520 

442,700 

1988 

0 

660,000 

66a,  000 

453,340 

1989 

0 

660,000 

660,000 

463,980  . 

1990 

0 

660,000 

660,000 

475,000 

1991 

0 

660,000 

660,000 

486,020 

1992 

0 

660,000 

660,000 

497,420 

1993 

0 

660,000 

660,000 

509,200 

1994 

0 

660,000 

660,000 

521,360 

1995 

0 

660,000 

660,000 

533,520 

1996 

0 

660,000 

660,000 

546,060 

1997 

0 

660,000 

660,000 

558,600 

1998 

0 

660,000 

660,000 

571,140 

1999 

0 

660,000 

660,000 

584,440 

2000 

0 

660,000 

660,000 

597,740 

2001 

0 

660,000 

660,000 

611,800 

2002 

0 

660,000 

660,000 

625,860 

2003 

0 

660,000 

660,000 

639,920 

2004 

0 

660,000 

660,000 

654,740 

2005 

0 

660,000 

660,000 

669,940 

Total 

24,685,560 

17,160,000 

41,845,560 

(1)  160.4  aircraft/year  at  $51,300  per  aircraft  for  3  years. 

(2)  13.2  new  aircraft  per  year  at  $50,000  per  aircraft. 


14.4  Separation  Assurance  Device 

Separation  assurance  in  the  CM  is  assumed  to  involve  avionics  cost 
only*  Table  14-5  shows  these  costs  under  the  same  assumptions  on 
avionics  cost  made  in  Section  5.  Fleet  assumptions  are  the  same  as 
those  in  Section  14.2 

14.5  Reference 

1.  SRI  Internaional*  "Oceanic  Area  Improvement  Study  (OASIS)  Volume  IVs 
Caribbean  Region  Air  Traffic  Services  System  Description,"  Final 
Report  No.  FAA-EM-81-17,  IV  (September  1981). 
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Table  14-5 


AIRBORNE  SEPARATION  ASSURANCE  DEVICE 
USER  COSTS  /OR  AVIONIC*  INSTALLATION  AND  OPERATION 
FOR  THE  CAR 
(1979  US  Dollare) 


New  Aircraft  Equip¬ 

Yearly  Uaer  Coat 

Year 

Retrofit  Coat  (1) 

ment  Coat  (2) 

Total 

($l/operating  hour) 

1983 

8,276,640 

644,160 

8,920,800 

422,360 

1986 

8,276,640 

644,160 

8,920,800 

432,440 

1987 

8,276,640 

644,160 

8,920,800 

442, 700 

1988 

644,160 

644,160 

453,340 

1989 

644,160 

644,160 

463,980 

1990 

644,160 

644,160 

473,000 

1991 

644,160 

644,160 

486,020 

1992 

644,160 

644,160 

497,420 

1993 

644,160 

644.160 

509,200 

1994 

644,160 

644,160 

521,360 

1995 

1996 

644,160 

644,160 

644.160 

644. 160 

533,520 

546,060 

1997 

644,160 

644,160 

538,600 

1998 

644,160 

644,160 

571,140 

584,440 

1999 

644,160 

644,160 

2000 

644,160 

644,160 

597,740 

611V 800 

2001 

644,160 

644,160 

2002 

644,160 

644,160 

625(860 

2003 

644,160 

644,160 

639,920 

2004 

644,160 

644,160 

654,740 

2003 

644,160 

644,160 

669,940 

Total 

16,837,800 

11,256,960 

28,094,760 

(1)  Retrofit  160.4  aircraft  per  year  at  t51,600  per  aircraft. 

(2)  13.2  aircraft  at  $48,800  per  aircraft. 


15.0  CAR  USER  FLIGHT  COSTS 


15.1  Introduction 

The  CAR  does  not  experience  the  highly  concentrated  traffic  flows 
as  exist  on  the  OTS  in  the  NAT  and  ORS  in  the  CEP.  Although  some  rela¬ 
tively  dense  traffic  corridors  exist  in  the  CAR,  the  degree  of  conges¬ 
tion  is  less  in  the  CAR  than  in  the  NAT  or  CEP  because  of  the  general 
dispersion  of  traffic  over  numerous  routes.  Because  of  the  expectation 
of  low  congestion  cost  penalties  in  the  CAR  relative  to  the  NAT  and  CEP 
and  because  of  limited  data,  the  FCM  was  not  applied  to  the  CAR  to  esti¬ 
mate  user  flight  costs.  Instead,  a  preliminary  graphical  analysis  pro¬ 
cedure  was  used  to  roughly  estimate  fuel  diversion  costs  due  to  poten¬ 
tial  conflict  resolution. 

15.2  Flight  Diversion  Costs 

The  graphical  analysis  evaluated  closure  distances  between  plotted 
aircraft  trajectories  representing  a  1979  busy  day  and  estimated  poten¬ 
tial  conflict  frequencies.  These  data  were  used  to  estimate  the  fuel 
costs  of  diversion  due  to  conflicts  as  explained  in  Appendix  E.  The 
fuel  diversion  costs  are  estimated  for  the  present  system  separation 
minima  and  for  proposed  alternative  separations. 

The  current  minima  basically  are  100  nmi  laterally,  generally  15 
min  longitudinally  but  10  min  longitudinally  where  warranted  by  naviga¬ 
tion  facilities,  and  2000  ft  vertically.  It  is  assumed  that  the  separa¬ 
tion  minima,  and  associated  potential  conflict  situations,  will  be 
affected  by  planned  secondary  radar  installatins  that  would  provide  com¬ 
plete  coverage  along  the  Miami  to  San  Juan  traffic  corridor  and  nearby 
areas.  Present  plans  are  proceeding  in  the  implementation  of  radar 
facilities  at  Nassau  in  the  Bahamas,  and  the  US  is  considering  the 
possibility  of  implementing  a  radar  facility  at  Grand  Turk  Island.  This 
traffic  corridor  is  very  busy  by  CAR  standards,  and  the  radar  installa¬ 
tions  in  the  early  1980s  will  significantly  alleviate  congestion  in  the 
area.  The  effect  of  the  planned  radar  service  on  congestion  costs  has 
been  estimated  (see  Appendix  E)  and  is  represented  by  the  100  nmi/15-10 
min/2000  ft  Radar  (R)  fuel  diversion  cost  estimates  shown  in  Table  15-1. 
The  other  fuel  diversion  cost  estimates  shown  in  this  table  represent 
current  separation  minima  (100  nmi/15-10  min/  2000  ft)  and  potential 
future  alternative  minima  (30  nmi/5  min/2000  ft  R  and  and  15  nmi/2 
min/2000  ft  R).  The  designator  "R"  signifies  that  the  planned  radars 
are  assumed  to  be  implemented  in  the  Miami  to  San  Juan  traffic  corridor 
and  that  radar  separation  minima  (e.g.,  5  nmi)  are  assumed  to  be  applied 
in  the  area  of  radar  coverage. 
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The  graphical  analysis  process  could  only  be  applied  to  horizontal 
conflict  situations  (e.g.,  crossing,  joining  and  following  aircraft  at 
the  same  altitude)  because  available  data  describing  vertical  flight 
profiles  in  the  CAR  are  limited.  Therefore,  the  cost  impact  of  1000  ft 
vertical  separation  minima  is  not  estimated. 
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16.0  CAR  PROVIDER  FACILITIES  COSTS 


16 . 1  Int  roduc  Cion 

Available  information  concerning  Che  ATS  unit  and  COM  station  O&M 
costs  in  the  CAR  is  limited,  and  cost  estimates  are  made  in  this  section 
based  on  analogies  with  NAT  operations  and  on  the  available  ddtd. 

16.2  ATS  Unit  Annual  O&M  Costs 

Estimates  of  annual  O&M  costs  in  1979  have  been  included  in  a 
present  system  description  report  (ref.  1)  addressing  the  CifR-related 
operations  at  the  Curacao,  Habana,  Houston,  Kingston,  Maiqudtia,  Merida, 
Miami,  Piarco,  San  Juan,  and  Santo  Domingo  ACCs  and  the  Porti-au-Prince 
Flight  Information  Center  (FIC).  The  estimates  were  based  in  part  on 
data  provided  by  some  provider  authorities  and  in  part  on  assumptions 
concerning  the  level  of  expenditures.  Based  on  these  data,  the  1979  ATS 
facility  O&M  costs  in  the  CAR  are  roughly  estimated  to  be  $12  million. 
The  O&M  costs  for  present  system  continuance  are  assumed  to  increase  at 
a  2.25Z  annually  compounded  growth  rate  based  on  a  projected  78%  CAR 
traffic  increase  from  1979  to  2005  (ref.  1). 

The  ATS  facility  O&M  costs  for  the  automatic  dependent  surveillance 
and  cooperative  independent  surveillance  potential  improvements  in  the 
CAR  are  assumed  to  follow  the  same  expenditure  characteristics  as  those 
postulated  for  the  NAT  facilities,  except  that  no  additional  RDT&E 
program  costs  are  assumed  to  be  required  beyond  those  previously  in¬ 
cluded  in  the  NAT  cost  estimates  in  Section  7.  The  equipment  costs  are 
assumed  to  be  $250  thousand  per  sector  as  estimated  for  the  NAT,  and  the 
CAR  provider  capital  cost  estimates  are  calculated  as  follows.  The  ATS 
units  operated  about  20  CAR  sectors  in  1979  with  allowance  for  shared 
CAR,  domestic  and  NAT  responsibilities  at  various  sites.  Assuming  that 
automatic  dependent  surveillance  operations  could  be  initiated  in  1990 
and  allowing  for  the  2.25%  annual  compound  growth  rate  in  sectorization, 
26  sectors  would  be  required  in  1990  at  a  cost  of  $6.5  million  as  shown 
in  Table  16-1.  The  26  sector  equipment  units  are  assumed  to  be  pur¬ 
chased  in  1987  to  allow  time  for  installation  and  for  a  two  year  opera¬ 
tional  shake-down  in  1988  and  1989.  Allowing  for  continued  sectoriza¬ 
tion  growth  at  the  2.25%  rate,  3  additional  sectors  are  assumed  to  be 
required  every  five  years  at  a  cost  of  $0.75  million  in  each  of  1995, 
2000  and  2005  as  shown  in  Table  16-1. 

Similar  capital  cost  estimates  are  assumed  for  cooperative  indepen¬ 
dent  surveillance  except  that  improvement  operations  are  assumed  to  be 
initiated  in  1995  with  an  initial  purchase  of  29  sector  equipment  units 
in  1992  at  a  cost  of  $7.25  million,  as  shown  in  Table  16-1.  (Note: 
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Table  16-1 

CAR  ATS  UNIT  PROVIDER  COST  ESTIMATES 
(Millions  of  1979  US  Dollars) 


Present 
System 
Continuance 

Annual 
O&M* 


Automatic 

Dependent 

Surveillance 


Independent 

Cooperative 

Surveillance 


Annual 


Annual 


Capital 


Capital 


Indicated  values  are  based  on  a  2.25%  annual  compound  growth  rate  starting 
with  the  present  system  1979  cost. 

Indicated  values  include  a  $6.5  million  (or  $7.25  million)  initial  equipment 
purchase  cost  and  $0.75  million  periodic  equipment  expansion  costs;  all 
capital  costs  assume  a  20  year  recovery  life. 


These  O&M  cose  esCimaCes  are  provided  for  information  purposes  since  the 
cooperative  independent  surveillance  operation  in  the  CAR  is  not 
explicitly  addressed.) 

In  accordance  with  the  discussions  presented  in  Section  7,  the  ATS 
annual  O&M  costs  for  the  automatic,  dependent  and  independent  cooperative 
surveillance  system  are  assumed  to  be  the  same  as  those  for  present 
system  continuance  as  shown  in  Table  16-1.  These  data  represent  the 
estimated  expenses  that  would  be  required  if  the  representative  systems 
were  itl  operation  in  the  year  indicated. 

16.3  COM  Station  Annual  O&M  Costs 

Cost  data  are  not  available  in  sufficient  detail  to  describe  O&M 
expenditures  for  COM  stations  in  the  CAR.  To  provide  a  gross  estimate 
of  costs,  O&M  expenditures  are  approximated  using  the  NAT  cost  estimates 
for  analogy,  as  follows:  The  CAR  estimated  1979  ATS  facility  O&M  cost 
($12  million)  is  on  the  order  of  half  the  corresponding  NAT  estimate. 
Using  the  assumption  that  COM  costs  are  proportional  to  ATS  costs, 
halving  the  NAT  1979  COM  O&M  cost  (almost  $10  million)  yields  an  esti¬ 
mate  of  about  $3  million  for  1979  COM  O&M  costs;  however,  because  of  the 
lack  of  data,  this  estimate  is  recognized  to  be  a  rough  approximation. 
The  present  system  O&M  costs  are  assumed  to  increase  at  the  2.25%  com¬ 
pound  annual  growth  rate  defined  in  the  preceding  paragraphs. 

Allowing  for  the  need  to  provide  some  residual  HF  voice  service  in 
the  case  of  implementing  HF  data  link  or  satellite  data  link  and  voice 
comnunication  services,  the  annual  COM  station  O&M  costs  for  these 
services,  and  for  the  network  HF  data  link  and  voice  alternative  or  the 
satellite  data  link  and  voice  alternative  are  assumed  to  be  the  same  as 
those  for  present  system  continuance.  Zt  was  assumed  that  the  current  HF 
voice  communication  facilities  would  provide  the  residual  service  in 
support  of  the  ATS  units.  The  resulting  annual  costs  shown  in  Table 
16-2  represent  the  estimated  expenses  that  would  be  required  if  the 
respective  systems  were  in  operation  in  the  year  indicated,  assuming 
that  automatic  dependent  surveillai  :e  (with  network  HF  or  satellite  data 
link)  could  be  implemented  in  1990  and  independent  cooperative  surveil¬ 
lance  could  be  implemented  in  1995  with  appropriate  lead  time  for  system 
establishment. 

1.  SRI  International,  "Oceanic  Area  System  Improvement  Study 

(OASIS)  Volume  IV:  Caribbean  Region  Air  Traffic  Services  System 

Description,"  Final  Report  No.  FAA-EM-81-17 ,  IV  (September  1981). 
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Table  16-2 


CAR  COM  FACILITY  ANNUAL  O&M  COST  ESTIMATES 
(Millions  of  1979  US  Dollars) 


Satellite 

Data  Link 

Ne twork 

and  Voice 

Present 

HF 

or 

Systfeift  * 

Data  Link 

Multiple  . 

Year 

Continuance 

&  Voice^ 

Satellite 

1979 

5.0 

1980 

5.1 

1981 

5.2 

1982 

5.3 

1983 

5.5 

1984 

5.6 

1985 

5.7 

1986 

5.8 

1987 

6.0 

6.0 

1988 

6.1 

6.1 

1989 

6.2 

6.2 

1990 

6.4 

6.4 

6.4 

1991 

6.5 

6.5 

6.5 

1992 

6.7 

6.7 

6.7 

1993 

6.8 

6.8 

6.8 

1994 

7.0 

7.0 

7.0 

1995 

7.1 

7.1 

7.1 

1996 

7.3 

7-3 

7.3 

1997 

7.5 

-.5 

7.5 

1998 

7.6 

’.6 

7.6 

1999 

7.8 

7.8 

7.8 

2000 

8.0 

8.0 

8.0 

2001 

8.2 

8.2 

8.2 

2002 

8.3 

8.3 

8.3 

2003 

8.5 

8.5 

8.5 

2004 

8.7 

8.7 

8.7 

2005 

8,9 

8.9 

8.9 

Indicated  values  are  based  on  a  2.25%  compound  annual  growth  rate. 

+Each  Indicated  value  is  equal  to  the  corresponding  present  system 
continuance  costs. 
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17.0  CAR  IMPROVEMENT  CONFIGURATIONS  AND  COST  COMPARISONS 


17.1  Introduction 

The  GAR  potential  improvement  configurations  addressed  in  this 
section  are  exteilsiond  of  some  of  the  primary  improvements  Considered 
for  the  NAT.  The  selected  configurations  are  presented  in  this  section 
and  their  costs  are  compared. 

17.2  Potential  Improvement  Configurations 

The  following  preliminary  set  of  improvement  configurations  assumes 
that  each  configuration  is  developed  by  evolutionary  improvement  to  the 
1979  present  system  and  its  continuance;  the  values  in  parenthesis 
describe  the  most  advanced  separation  minima  achieved  by  the  configura¬ 
tion  in  the  year  indicated,  and  the  designator  "R"  signifies  radar 
coverage  in  the  Miami  to  San  Juan  traffic  corridor: 

(1)  Configuration  1.  Baseline,  HF  SSB  voice,  100  nmi/15-10  min/ 

2000  ft  through  1982,  100  nmi/15-10  min/ 

2000  ft  with  Expanded  Radar  (R)  coverage 
in  1983  through  2005 

(2)  Configuration  2.  Airborne  Separation  Assurance  Device 

with  100%  avionics  capital  cost 
allocation,  HF  SSB  voice,  MNPS  (Improved), 

30  nmi/5  rain/2000  ft  R  in  1990  through 
2005 

(3)  Configuration  3.  Airborne  Separation  Assurance  Device  With 

50%  Avionics  Capital  Cost  Allocation, 

HF  SSB  voice,  MNPS  (Improved), 

30  nmi/5  min/ 2000  ft  R  in  1990  through 
2005 


(4)  Configuration  4.  Automatic  Dependent  Surveillance  with 

Network  HF  Data  Link  and  Voice,  MNPS 
(Improved),  30  nmi/5  min/2000  ft  R  in 
1990  through  2005 

(5)  Configuration  5.  Automatic  Dependent  Surveillance  with 

Satellite  Data  Link  and  Voice,  MNPS 
(Improved),  30  nmi/5  min/2000  ft  R  in 
1990  through  2005 


The  specific  evolution  of  separation  minima  for  each  configuration 
is  specified  in  Table  17-1.  The  baseline  and  alternative  configurations 
assume  establishment  of  radar  operations  in  the  Miami  to  San  Juan  traf¬ 
fic  corridor  in  1983.  The  separation  minima  schedules  corresponding  to 
each  improvement  conform  to  the  analogous  separations  defined  for  the 
NAT  configurations. 

The  provider  and  user  capital  and  O&M  cost  estimates  for  each 
configuration  are  shown  in  Tables  17-2  through  17-6.  These  data  are 
based  on  the  cost  estimates  given  in  Sections  14,  13,  and  16  and  assume 
that  the  respective  improvements  are  coordinated  with  and  dependent  on 
similar  improvements  in  the  NAT.  The  preliminary  system  design  and 
development  costs  for  the  improvements  are  assumed  to  be  required  for 
NAT  implementation  and  are  not  allocated  to  the  CAR.  The  establishment 
of  satellite  air-ground  data  link  and  voice  in  the  CAR  is  assumed  to  be 
provided  by  expansion  of  the  communications  channel  capabilities  of  the 
NAT  system  without  duplication  of  the  entire  cost  of  the  NAT  space  seg¬ 
ment.  Similarly,  implementation  of  the  CAR  network  HF  or  satellite  data 
link  and  voice  ground  stations  is  assumed  to  be  coordinated  with  NAT 
facilities  (i.e.,  at  San  Juan)  to  avoid  redundant  implementation  costs. 

The  capital,  O&M,  and  total  costs  estimated  for  each  configuration 
during  the  1979  through  2003  time  period  are  summarized  in  Table  17-7. 

17.3  Configuration  Cost  Comparisons 

The  1979  present  values  of  the  user  and  provider  capital,  O&M,  and 
total  outlays  during  the  1979  through  2005  time  period  are  shown  in 
Tables  17-8  and,  with  costs  integrated  with  respect  to  user  and  provider 
costs,  in  Table  17-9  for  each  configuration.  The  present  values  are 
based  on  the  same  inflation  and  discount  rate  assumptions  applied  to  the 
NAT. 


The  1979  present  values  of  the  net  cost  differences  relative  to  the 
baseline  configuration  are  presented  in  Table  17-10  and,  with  costs 
integrated  with  respect  to  user  and  provider  costs,  in  Table  17-11  for 
each  configuration.  Table  17-11  shows  that  net  cost  losses  are  associa¬ 
ted  with  the  indicated  improvements.  In  these  cases,  the  modest  reduc¬ 
tions  in  user  flight  diversion  cost  are  not  sufficient  to  counterbalance 
the  improvements  costs,  and  net  cost  losses  result. 

However,  the  potential  improvements  should  not  be  dismissed  simply 
on  the  basis  of  apparent  economic  liability  because:  (1)  the  improve¬ 
ments,  (especially  the  separation  assurance  which  is  shown  in  Table 
17-11  to  have  less  of  a  cost  loss  than  the  other  improvements)  would 
support  enhanced  separation  assurance  services,  particularly  in  one  CAR 
flight  information  region  which  currently  does  not  provide  air  traffic 
control  service;  (2)  one  or  more  of  the  improvements  might  be  econom¬ 
ically  preferred  in  comparison  with  the  alternative  of  expanding  line-of- 
site  facilities;  (3)  The  user  flight  costs  were  roughly  estimated  and 


better  estimates  might  improve  the  attractiveness  of  one  or  more  of  the 
improvements.  Note  that,  although  the  1000  ft  vertical  separation  above 
FL  290  improvement  was  not  analyzed,  this  improvement  is  expected  to 
achieve  net  total  cost  savings  in  the  CAR  based  on  the  results  obtained 
for  analogous  improvement  operations  in  the  NAT  and  CEP. 
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TABLE  17-2 

COST  SUMMARY  FOR  CAR  CONFIGURATION  \ > 
BASELINE 
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TABLE  17-3 

COST  SUMMARY  FOR  CAR  CONFIGURATION  t> 

SEPARATION  ASSURANCE  DEVICE  NITH  tOOX  AVIONICS  CAPITAL  COST!  ALLOCATION 
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TABLE  17-6 

COST  SUMMARY  FOR  CAR  CONFIGURATION  5< 

AUTOMATIC  DEPENDENT  SURVEILLANCE  WITH  SATELLITE  DATA  LINK  AMD  VOICE 
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TABLE  17-10 

PRESENT  VALUE  NET  SAVINGS  TOTALS  OVER  ALL  TEARS  TOR  EACH  CAR  CONFIGURATION 
<l»7»  DISCOUNTED  US  «  MILLIONS) 


Appendix  A 


HF  DATA  LINK  AND  VOICE  SUPPORT  DATA 
(Prepared  by  FAA  and  SRI) 


A. 1  Working  Group  B  HF  Data  Link  Specification 

Descriptiona  for  the  network  HF  data  link  and  voice  and  a  imp le  net¬ 
work  HF  data  link  and  voice  systems  were  developed  by  Working  Group  B  of 
the  Committee  to  Review  the  Application  of  Satellite  and  Othdr 
Techniques  to  Civil  Aviation.  Summaries  of  these  descriptions  are 
provided  in  Sections  A.5  and  A. 6  of  this  Appendix.  The  Network  HF  Data 
Link  System  is  described  in  greater  detail  in  Working  Paper  ARC  80/WP-17, 
Report  of  WGB  to  the  ARC,  Section  2,  November  24,  1980.  The  simple  net¬ 
work  HF  Data  Link  and  Voice  System  is  described  in  greater  detail  in 
Working  Paper  ARC  81/WP-2,  Report  of  WGB  to  the  ARC,  Attachment  1,  April 
1981. 


A. 2  HF  Ground  Station  Requirements  and  Frequency  Allocations 

For  an  ideal  environment,  Working  Group  B  proposed  the  use  of 
families  (three  data,  one  voice),  with  ten  frequencies  per  family,  one 
in  each  of  the  bands  2,  3,  4,  5,  6 — 21  MHz.  Assuming  that  the  Working 
Group  B  frequency  allocation  plan  would  be  implemented,  each  station  of 
the  five  shown  would  have  11  operating  transmitters  (ten  data,  one 
voice),  except  that  two  stations  would  have  ten  additional  each,  for  a 
total  of  75  transmitters.  Including  additional  spares,  the  total  number 
of  transmitters  required  is  about  85,  of  which  about  70  are  estimated  to 
exist.  Each  station  would  need  40  receivers  (for  a  total  of  ioo)  of 
which  half  are  estimated  to  exist. 

A. 3  Master  Ground  Station  Computer  Requirements 

Master  ground  stations  must  possess  information  on  every  flight 
either  in  or  planning  to  enter  the  system.  Furthermore,  master  stations 
must  know  where  aircraft  are  so  that  they  can  determine  when  certain 
polling  rates  are  to  be  used.  In  the  case  of  dependent  surveillance, 
records  of  which  navigation  system  contains  what  data  must  be  maintained 
for  up  to  220  aircraft  or  more.  Data  may  have  to  be  processed  for  about 
70  aircraft  every  30  seconds  and  for  the  remaining  aircraft  every  5 
minutes  to  meet  year  2005  requirements. 

The  master  ground  station  must  be  able  to  handle  input  by  control¬ 
lers  or  other  ATC  personnel,  including  clearance  changes,  requests  for 
special  data  from  aircraft  (i.e.,  request  for  heading  data,  more  fre¬ 
quency  position  reports)  and  other  information.  Ground  stations  must 
also  be  able  to  distribute  to  ATC  personnel  position  and  other 


A-l 


information  transmitted  by  aircraft.  To  he  useful  for  ATC,  all  input/ 
output  must  be  conveniently  formatted  and  processed.  Alarms  and  other 
features  must  be  built  in  the  master  station  software  to  notify 
controllers  of  problems  such  as  difficulties  in  communicating  with 
particular  aircraft.  ' 

The  master  station  must  balance  loads  and  perform  frequency  manage* 
raent  functions.  Approximately  50  descriptors  will  be  saved  for  each 
aircraft  (including  data  for  seven  waypoints,  each  with  latitude, 
longitude,  time,  and  altitude)  for  recording  flight  plan  related  data, 
and  another  50  will  be  saved  for  recording  reported  data  and  frequency 
management  information  such  as  assigned  frequency.  Some  of  the  data 
might  be  stored  on  disc  or  other  slow  access  memory  while  other  portions 
must  be  sorted  in  active  memory. 

A  rough  estimate  of  the  data  required  in  such  a  system  is  made  as 
follows:  Aircraft  data  might  require  100  x  300  *  30,000  2-byte  words  of 
description.  Miscellaneous  descriptive  data  such  as  FIR  boundary  data, 
track  informaton,  and  weather  data  will  at  least  double  this  for  a  total 
estimate  of  120,000  bytes  of  storage.  In  addition,  ten  program  modules 
of  approximately  1,000  coded  instructions,  each  written  in  a  combination 
of  high  and  low  level  languages,  are  budgeted  to  perform  input/output, 
calculate  conflicts,  optimize  HF  channel  use,  etc.  Industry  estimates 
of  costs  for  such  codes  (tested  and  debugged)  ranges  from  $50  per  line 
to  $150  per  line.  A  median  figure  of  $100  per  line  has  been  used  in 
this  document. 

Computers  that  might  perform  the  required  master  station  functions 
were  costed  based  on  available  IBM  equipment.  Potential  candidates 
range  from  the  small  scale  Series  l  machines  with  512  kilo-bytes  and 
relatively  slow  speed  to  the  4340  with  approximately  2-megabytes  of 
storage.  Various  disc  conf iguratons  were  also  considered.  Price  esti¬ 
mates  for  this  hardware  ranged  from  about  $100,000  to  $600,000.  A 
$250,000  value  was  chosen  as  being  representative  of  hardware  possessing 
desired  functions. 

A. 4  HF  Avionics  Information 

The  HF  data-link  system  as  postulated  by  Working  Group  B  presented 
a  few  design  problems  with  respect  to  avionics  hardware  realization  (and 
costing).  In  particular,  the  projected  time  sequence  postulated  by  the 
Working  Group  implies  an  HF  avionics  system  performance  that  is  diffi¬ 
cult  to  achieve.  The  following  areas  were  of  particular  concern: 

•  Excessive  retuning  of  transmit  frequencies  would  wear  out 
antenna  couplers  and  would  force  a  delay  between  the  time  a  new 
frequency  is  chosen  for  transmit  and  actually  used. 

•  The  length  of  time  (less  than  0.2  seconds)  during  each  uplink 
message  is  considered  fairly  short  for  locking  onto  an  incoming 
signal  and  evaluating  quality.  AGC  and  other  circuitry  tends  to 
require  some  time  to  reach  steady  state. 


•  Solid  state  HF  couplers  do  not  exist  nor  are  they  being 

developed.  However,  a  coupler  with  finite  L.C.  elements  which 
would  be  switched  via  vacuum  relays  is  under  development. 

These  areas  of  concern  were  treated  as  follows:  First,  it  was 
assumed  that  frequency  reevaluation  by  the  transceiver  logic  would  be 
carried  out  with  couplers  disconnected  during  the  receive  cycle. 
Secondly,  it  was  assumed  that  the  system  would  not  need  to  reevaluate  a 

new  frequency  very  often  (no  more  often  than  every  5  or  10  seconds;  5 

seconds  was  subsequently  selected  by  Wotking  Group  b).  Itt  addition,  it 

was  assumed  that  aircraft  transmit  frequencies  would  not  be  altered 
simply  because  one  frequency  propagated  somewhat  better  than  another 
frequency.  As  long  as  reasonable  propagation  existed  on  a  frequency, 
the  aircraft  would  remain  on  that  frequency  to  avoid  retuning.  Hence, 
it  was  assumed  in  this  costing  exercise  that  existing  couplers  would  be 
used  in  this  HF  system. 

A  survey,  conducted  by  SRI,  determined  that  HF  receiver/ transmitter 
units  installed  or  being  retrofit  in  most  modern  aircraft  are  Collins 
628T  units.  Future  aircraft  are  planned  to  carry  this  model  or  later 
ARINC  700  specification  series  transceivers.  Collins  felt  these 
receiving/transmitting  units  adequate  for  the  data  link  design. 

A. 5  Summary  Description  of  the  Network  HF  Data  Link  System 

A. 5.1  Introduction 

This  summary  represents  the  latest  stage  in  WGB's  design  of  an 
advanced  HF  data  link  system,  intended  to  meet  the  requirements  of 
civil  ATC  for  oceanic  communications  in  the  year  2005. 

The  communication  requirements  adopted  by  WGB  for  both  HF  and 
satellite  data  link  systems  are  derived  in  Appendix  C.  These 
requirements  are:  200  bps  data  rate  in  the  ground-to-aircraft 
direction  and  600  bps  data  rate  in  aircraft-to-ground  direction. 
They  are  based  on  a  position  update  of  2  reports  per  aircraft  per 
minute  for  proximate  aircraft  and  one  report  every  5  minutes  for 
other  aircraft. 

The  overall  design  philosophy  adopted  utilizes  a  linked  network  of 
ground  stations  for  HF  air-ground  communications.  Throughout  each 
flight,  each  aircraft  evaluates  all  frequency/path  pairs  available 
between  the  aircraft  and  the  ground  stations  (all  of  which  are 
interconnected),  using  its  communication  receiving  equipment  during 
intervals  when  it  is  not  involved  in  data  link  communication.  This 
evaluation  is  used  to  determine  the  best  ground  station  through 
which  to  access  each  aircraft  and  the  best  frequency  to  be  used. 


The  primary  concern  in  the  HF  data  link  is  with  the  long-term 
variability  and  propagation  outages  that  afflict  HF  skywave 
operation.  To  provide  system  reliability  in  the  presence  of  these 
effects,  the  design  uses  adaptive  frequency  and  path  selections 
that  takes  maximum  advance  of  several  network  flexibilities: 

a)  Path  Diversity 

b)  Band  (Frequency)  Diversity 

c)  Message  Repetition  (Time  Diversity) 

The  methodology  for  path/band  evaluation  and  adaptive  selection  is 
the  heart  of  the  overall  HF  data  link  system  considered. 

It  is  believed  that  an  adaptive  path/frequency  selection  system 
provides  a  basis  for  a  highly  reliable  HF  network  operation  in 
general.  This  represents  a  judgment  widely  held  by  the  HF 
engineering  community,  including  those  represented  on  WGB. 

However,  this  judgment  is  inferred  from  widely  scattered  pieces  of 
experimental  data  and  a  well  defined  body  of  experimental  data  to 
validate  it  does  not  exist  at  this  time,  and  WGB  recommended  that  a 
systematic,  well  designed  data  collection  program  be  undertaken. 

A. 5.2  General  System  Description 

It  is  widely  recognized  that  an  HF  data  system  faces  special 
problems  because  of  rare  but  serious  propagation  disturbances 
which,  it  is  believed,  are  both  path  and  frequency  dependent. 

Thus,  the  HF  design  provides  a  real-time  procedure  for  choosing  the 
optimum  path-frequency  pair  for  the  air-ground  link.  Additionally, 
because  of  the  short-term  fading,  the  HF  design  should  also  provide 
timely  message  repeat  capability  consistent  with  the  adopted 
reporting  requirements.  In  the  design  adopted  here,  network 
operation  will  use  regular  ground-transmitted  polling  signals  and 
aircraft  replies  to  provide  channel  sounding  functions. 

The  baseline  HF  system  uses  a  data  packet  concept,  based  on  0.5 
second  time  slots,  each  containing  a  ground-to-air  poll  segment  and 
a  subsequent  message  segment.  Up  to  three  independent  uplink 
polling  transmissions,  from  each  of  three  separate  ground  stations, 
occur  during  each  time  slot:  these  are  followed  by  independent 
message  segments  which  may  be  used  for  either  direction,  but  which 
are  normally  aircraft-to-ground  replies.  Each  poll  transmission 
from  a  station  occurs  on  several  frequencies  simultaneously.  Each 

set  of  frequencies  constitutes  a  frequency  "family"  of  which  up  to 

three  are  defined  for  use  by  the  baseline  HF  data  link  system. 

Each  family  contains  a  frequency  from  each  of  10  (R)  bands 

distributed  over  the  2  to  22  MHz  range,  so  that  there  are  up  to  10 

frequencies  per  family.  (This  baseline  approach  assumes  the  use  of 
more  frequencies  than  are  currently  allotted  to  the  North  Atlantic 
(NAT)  Organized  Track  System.) 
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To  maximize  air-ground  path  diversity,  a  fully  interconnected 
network  of  five  communications  stations  is  assumed,  ringing  the 
Nortli  Atlantic.  Three  families  of  frequencies  are  assumed  for  this 
design,  and  each  family  is  augmented,  as  compared  with  the  currently 
assigned  NAT  A,  B,  C  and  D  families  to  include  10  frequencies. 

Each  family  of  ten  frequencies  is  cycled  through  the  total  set  of 
ground  stations  to  establish  the  file  of  best  ground  stations  for 
each  aircraft  at  that  time.  Each  aircraft  will  be  preassigned  to  a 
specific  frequency  family  and  time  slot,  normally  for  the  duration 
Of  a  flight,  but  the  assignments  may  be  altered  by  a  Special  Uplink 
message,  as  a  convenience  in  equalizing  the  network  management 
load.  A  particular  ground  station  will  continue  to  transmit  on  all 
10  of  its  frequencies  as  long  as  good  communications  are 
maintained. 

In  addition,  it  is  expected  that  each  aircraft  will  usually  remain 
with  a  given  ground  station  for  relatively  long  intervals  (10 
minutes  to  2  hours  or  more).  Thus,  the  communications  mode  will 
tend  to  minimize  the  requirement  on  the  avionics  for  frequency 
agility,  and  this  also  minimizes  the  rate  of  use  of  the  aircraft 
high  power  antenna  coupler  for  changes  of  aircraft  transmit 
frequency. 

Each  ground  station  is  envisaged  to  contain  ten  high-powered 
transmitters,  one  for  each  frequency  in  its  assigned  family,  and 
will  contain  a  separate  receiver  for  each  frequency  assigned  to  the 
service  and  will  monitor  air-to-ground  transmissions  at  all 
frequencies  in  all  families  (a  total  of  30  data  receivers  per 
station  as  the  basic  complement). 

A. 5. 3  System  Architecture 

The  ground  network  comprises  five  unattended  HF  radio  stations,  and 
two  (hot-alternate)  communications  control  centers,  one  on  each 
side  of  the  Atlantic,  all  fully  interconnected  by  a  full-duplex 
2400  b/s  data  capability.  Based  on  extension  from  present 
capabilities,  an  appropriate  set  of  radio  stations  has  been 
tentatively  identified  as: 

Shannon  (or  equivalent) 

Gander  (or  equivalent) 

Reykjavik  (or  equivalent) 

Santa  Maria  (or  equivalent) 

San  Juan  (or  equivalent) 

The  stations  cover  a  wide  geographic  area,  thereby  providing  a  wide 
range  of  ionospheric  reflection  points  to  and  from  any  particular 
aircraft,  and  both  north-south  and  east-west  paths.  Reykjavik  (or 
equivalent)  is  considered  potentially  important  for  aircraft  tracks 
within  the  auroral  zone,  since  trans-auroral  propagation  can 
sometimes  be  difficult. 
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Each  band-diversity  family  will  consist  of  10  independent 
frequencies,  one  from  each  of  the  R  bands.  Although  drawn  from  the 
ten  R  bands,  each  family  is  unique,  and  the  same  carrier  frequency 
is  never  transmitted  simultaneously  from  more  than  one  ground 
station. 

To  provide  the  required  combination  of  path  diversity  and  band 
diversity,  each  of  the  five  ground  stations  will  be  equipped  with 
ten  data  transmitters  and  thirty  data  receivers  (plus  spares  as 
required). 

A  separate  family  of  frequencies  is  assumed  for  the  residual  voice 
communications  that  is  stated  to  be  a  requirement.  Since  the 
aircraft  will  always  have  information  regarding  the  available 
frequencies,  each  ground  station  needs  to  be  equipped  with  only  one 
frequency  programmable  transmitter  for  this  purpose.  It  will, 
however,  be  equipped  with  the  full  complement  of  ten  receivers  for 
voice,  in  addition  to  the  30  data  receivers  discussed  above. 

The  -interrogate-reaponse  nature  of  the  bulk  of  the  required  data 
flow  led  intuitively  to  a  system  design  based  on  a  time-slot  format 

The  basic  scheduling  and  control  interval  is  termed  a  time  slot, 
and  is  illustrated  in  Figure  A.l.  Normally,  an  aircraft  will 
transmit  only  in  response  to  an  uplink  call,  even  when  it  is 
initiating  routine  requests.  That  is,  it  will  wait  until  polled 
and  use  the  aircraft  message  portion  of  the  time  slot  to  send  a 
routine  request.  There  will  be  provision  of  special  time  periods 
for  time-critical  aircraft  initiation  of  messages  (rapid-access  or 
random-access  periods). 


Uplink  Aircraft 

call  Message  Segment 

128-bit  packet 


Figure  A.l  TIME  SLOT  FORMAT 


Occasional  longer  ground  requests  or  replies  will  be  continued  over 
later  time  slots.  The  time  slot  chosen  for  this  is  500  msec, 
divided  into  an  uplink  call  segment  of  182  msec  and  a  message 
segment  of  318  msec  respectively.  The  data  format  within  the  time 
slot  is  discussed  below. 


The  data  flow  requirements  discussed  in  Appendix  C  indicate  that 
the  uplink  calls  can  be  accommodated  well  within  40  information 
bits.  The  dominating  message  requirement  was  observed  to  be  the 
aircraft  replies  to  "special  report"  queries,  with  lengths  varying 
from  90  to  121  bits.  Therefore,  a  packet  size  of  128  bits  was 
assumed  as  the  basis  for  an  initial  design.  When  multiple  packets 
are  needed  for  a  message,  a  sequence  of  time  slots  will  be 
allocated  to  that  purpose  (as  access  to  their  aircraft  group  is 
available),  with  packet  sequence  numbers  assigned. 


The  proposed  allocation  of  message  time  and  number  of  bits  is: 


Uplink  call 
Segment 


guard  interval 
Preamble  &  Header 
Uplink  data 


40  msec  (20  bits) 
62  msec  (31  bits) 
80  msec  (40  bits) 


Message 

segment 


Preamble  &  Header  62  msec  (31  bits) 

Message  data  256  msec  (128  bits) 


The  control  centers’  scheduling  problem  then  reduces  to  that  of 
selecting  the  ground  station  having  the  best  path  to  a  given 
aircraft,  and  fitting  the  0.5  second  exchange  to  that  aircraft  into 
a  pattern  containing  exchanges  with  all  other  aircraft,  with  the 
constraint  that  the  aircraft  will  be  listening  for  a  call  in  a 
known  time  slot  once  each  10  sec  (a  designated  call  epoch). 


The  control  center  will  maintain  a  dynamic  priority  table  of 
pending  air-ground  message  exchanges.  In  general,  the  longer  the 
time  before  an  exchange  is  due,  the  lower  will  be  its  priority. 

The  control  process  will  continually  examine  the  priority  table  and 
order  as  many  exchanges  as  possible,  up  to  3,  simultaneously. 

Three  simultaneous  exchanges  are  possible  when  they  can  be  made  on 
three  different  families  from  three  different  stations,  i.e.,  a 
different  family  at  each  of  three  stations.  At  times,  the  highest 
priority  exchanges  can  come  from  only  2  or  even  1  station,  the 
limitation  being  caused  by  poor  propagation  paths  to  the  other 
stations.  This  will  be  the  case  when  the  number  of  aircraft  having 
paths  to  only  one  particular  station  greatly  exceeds  the  number  of 
aircraft  that  can  be  served  by  other  stations. 

Since  each  time  slot  is  0.5  sec  in  duration,  and  up  to  3 
transmissions  can  be  made  at  once,  the  system  will  achieve  a 
6-per-second  effective  polling  rate  at  least  part  of  the  time. 

Assuming  that  an  effective  polling  rate  of  at  least  4  per  second 
rate  can  be  maintained,  120  aircraft  could  be  polled  every  30  sec¬ 
onds  (occupying  20  seconds  of  a  30  second  epoch)  and  400  additional 
could  be  polled  once  each  2  minutes  if  all  were  in  the  communica¬ 
tions  mode.  This  capability  would  exceed  the  projected  traffic 
requirement.  The  uplink  rate  of  200  bps  is  achieved  through  the 
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4-6  uplink  polls  per  second  of  40  bits  each,  while  the  downlink 
rate  of  600  bps  is  achieved  through  4-6  downlink  replies  per  second 
of  128  bits  each. 

Each  ground  station  will  have  a  separate  receiver  on  each  frequency 
of  each  family.  A  decoder  on  each  receiver  will  detect  any  reply 
that  is  made  to  any  uplink  call,  including  replies  to  calls  made 
from  other  ground  stations.  The  signal  quality  of  each  reply  will 
be  quantified  in  some  simple  manner,  and  the  reply  at  its  signal 
quality  will  be  passed  to  the  control  center.  This  information, 
along  with  path  evaluations  appended  to  position  reports  from  the 
aircraft,  will  be  used  by  the  control  center  to  optimize  its  choice 
of  ground  station  for  transmissions  to  each  aircraft. 

The  data  link  assets  available  to  the  ground-based  communication 
control  centers  (primary  and  alternate)  consist  of  5  ground 
stations,  each  of  which  has  ten  transmitters  and  30  receivers.  The 
transmission  scheduling  problem  consists  of  assigning  these  assets, 
within  the  timing  epoch  constraints  and  the  required  maximum 
polling  rate  to  some  aircraft,  to  obtain  adequate  data  flow  to  and 
from  participating  aircraft. 

To  simplify  control,  obtain  rapid  linkage,  and  provide  the 
potential  for  anti-fading  diversity  (on  the  uplink),  the  ground 
control  center  will  employ  the  frequency  families  as  indivisible 
units.  That  is,  any  individual  transmission  to  an  aircraft  will  be 
radiated  simultaneously  on  all  of  the  individual  frequencies  of  a 
family. 

Aircraft  will  be  assigned  to  a  family  for  the  duration  of  a  flight, 
or  until  reassigned  by  a  special  uplink  message.  During  the  early 
phases  of  implementation  of  the  data  linked  system,  ail  aircraft 
can  use  a  single  family,  but  as  the  system  adds  users,  the 
additional  families  (up  to  3  total)  must  be  employed.  There  will, 
therefore,  be  a  natural  means  of  transition  from  the  present  system 
to  the  automated  one. 

The  aircraft  control  unit  performs  the  only  frequency  selection  in 
the  system.*  During  the  9.5  out  of  every  10  seconds  that  an 
aircraft  is  not  "at  attention"  for  reception  of  a  poll  request,  it 
will  cycle  its  receiver  through  all  frequencies  in  its  family.  Its 
detector  will  attempt  to  decode  any  uplink  calls  (directed  to  other 
aircraft)  received  during  this  time. 


*The  ground  stations  transmit  on  all  the  frequencies  of  a  family  simul¬ 
taneously,  and  therefore  do  not  need  to  perform  frequency  selection. 
This  approach  eliminates  the  necessity  for  passing  frequency  selection 
information  between  ground  and  air. 
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The  signals  will  he  evaluated  on  the  basis  of  the  quality  ol;  the 
polling  signals,  possibly  as  determined  from  error  coding  parity 
checks  incorporated  into  the  uplink  signal.  The  ground  station 
transmitting  each  signal  will  be  determined  from  the  decoded 
message  ID  preamble.  The  control  unit  will  maintain  path /frequency 
quality  evaluations. 

The  system  provides,  in  addition  to  data,  an  ancillary  ability  to 
communicate  air/ground  on  voice.  To  provide  this  capability  one 
additional  family  is  provided  in  the  ultimate  system  for  this 
purpose.  The  utilization  of  this  channel  is  expected  to  be  quite 
low.  For  voice  communication,  each  ground  station  will  include  an 
additional  ten  receivers  continually  monitoring  all  frequencies  in 
the  voice  family,  but  only  one  additional  transmitter.  The 
aircraft  will  have  no  additional  equipment.  Normally,  voice 
communication  will  be  initiated  from  either  end  by  a  data  link 
request  and  acknowledgement,  with  the  aircraft  indicating  the 
frequency  band  to  be  used,  based  on  the  data  link  frequency 
selection. 

A. 5.4  Network  Management  and  Support 

Each  of  the  two  control  stations  must  be  interconnected  with  each 
of  the  HF  communications  facilities,  and  with  each  other,  using 
highly-reliable  data  communications  circuits.  Leased  circuits, 
either  land  lines  or  satellite  circuits,  must  be  provided,  with 
alternate  message  routing  capability  for  improved  reliability.  At 
any  given  time  one  control  station  will  be  assigned  primary 
responsibility.  A  backup  data  communications  path  will  be  provided 
for  each  communications  facility  through  the  secondary  control 
station. 

Twenty-four  hundred  bit  per  second  duplex  circuits  will  accoimnodate 
the  estimated  data  interchange  requirements  between  facilities. 

This  assumes  a  bit  rate  of  850  b/s  required  for  transfer  of  the 
downlinked  information  and  the  remaining  capacity  available  for 
system  management. 

The  "intelligence"  required  for  network  management  has  been 
centralized  within  the  control  stations.  The  primary  control 
station  will  have  responsibility  for  performing  the  following 
functions: 

a)  Establish  and  maintain  the  coordinated  polling  sequences 
for  each  of  the  five  HF  communications  stations. 

b)  Assign  a  time  slot  to  each  aircraft. 

c)  Maintain  files  for  all  aircraft  within  the  system  and  status 
of  each. 
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d)  Determine  and  activate  or  maintain  the  correct  mode  of  operation 
for  each  aircraft,  whether  communication  or  recovery. 

e)  Communications  message  processing  and  message  routing  between 
communications  stations. 

A. 5. 5  Signal  Design 

To  transmit  500  b/s  information  rate  within  a  3kHz  channel 
allocdtioh  implies  that  the  time-bandwidth  product  is  available 
that  can  be  used  for  signal  design  in  order  to  achieve  the 
following  (non-independent)  characteristics: 

a)  Minimum  susceptibility  to  multipath  degradation. 

b)  Significant  diversity  performance  explicit  in  the  signal 
design.* 

c)  Error-control  coding. 

Typical  waveform  formats  known  to  the  effective  for  use  on  fading 
channels  include  the  following: 

a)  Multi tone  DPSK 

Multiple,  uniformly-spaced  subcarriers  each  carry  differentially 
phase-shift-keyed  data.  A  typical  design  for  HF  utilizes 
4-phase  DPSK  on  each  subcarrier  at  75  baud  (150  b/s),  with 
subcarriers  spaced  by  110  Hz. 

b)  M-ary  FSK 

One  out  of  M  tones  to  represent  log2  M  bits  of  data.  An  8-tone 
(octal,  3  bits/symbol)  alphabet,  has  been  examined  in  one  study 
for  FAA/TSC,**  while  at  least  one  company  has  recently  announced 
a  64-ary  modem  (6  bits/symbol). 


♦Within  a  0.5  second  time  slot,  there  may  often  be  only  small  changes 
in  the  impulse  response  of  the  link.  Therefore,  the  only  in-band 
diversity  available  in  the  proposed  design  may  be  that  resulting  from 
multipath  spread,  which  is  manifested  as  a  non-uniform  transfer  function 
within  a  3kHz  band.  Thus,  in-band  frequency  diversity  may  be  available 
due  to  selectivity  in  the  channel,  or  as  multipath  diversity  resulting 
from  use  of  a  spread-spectrum  waveform. 

♦♦Report  No.  FAA-EM-79-9,  "Potential  Use  of  High  Frequency  Data 
Transmission  for  Oceanic  Air  Traffic  Control  Improvement,"  Martin 
Nesenbergs,  September  1979. 
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c) 


Spread  -  Spectrum 


Some  possibilities  exist  for  using  waveforms  that  occupy  the 
full  channel  width  (3kHz),  with  performance  advantages 
deriving  from  the  ability  to  resolve  multipath  (to  order  of 
0.3  msec)  for  diversity.  The  spread-spectrum  technique  can 
use  chirp  waveforms  or  "direct  sequence"  phase-shift  keying. 

As  implemented  with  multiple  correlators,  such  units  would 
achieve  in-band  diversity  by  resolving  independently  fading 
paths  within  the  overall  multipath  spread.  A  Canadian 
experimental  system  at  300  b/s  has  been  reported  which  is 
almost  ready  to  undergo  experimental  tests. 

d)  Adaptive  Equalizers 

Research  is  currently  in  progress  on  the  design  of  adaptive 
equalizers  to  allow  serial  transmission  of  data  at  high  rates 
over  HF.  Such  systems  consider,  for  example,  use  of  four-phase 
PSK  at  rates  of  1200  or  2400  baud.  The  corresponding  symbol 
lengths  are  under  1  ms,  and  typical  multipath  spread  will 
cause  considerable  smearing  (intersymbol  interference).  The 
adaptive  equalizers  attempt  to  compensate  for  the  smear.  If 
successful,  they  will  generally  provide  the  error  rate 
performance  associated  with  coherent  detection,  and  will 
contain  diversity  effectiveness  derived  from  use  of  the 
multipath  smeared  components. 

A. 5.6  EQUIPMENT  CONSIDERATION 

Present  state-of-art  airborne  HF  receiver/transmitter  (R/T>  (as 
specified  by  the  ARINC  719  characteristic)  appear  to  be  the  most 
suitable  for  functioning  in  a  computer-controlled  air-ground  data 
link  network. 

All  aircraft  will  have  dual-HF  installations,  each  of  which  can  be 
available  for  the  data  link  air-ground  communications.  One 
airborne  R/T  unit  will  always  be  computer  tuned  to  the  optimum 
frequency.  To  provide  redundancy,  either  HF  R/T  can  be  employed. 

A  data/frequency  management  unit  must  be  added  to  each  of  the 
present  aircraft  HF  communications  installations  and  must  perform 
the  following  instructions: 

a)  Identify  the  optimum  frequency  to  be  used  for  communicating 
with  the  optimum  ground  station  in  the  network.  Based  on 
these  data  it  will: 

i)  Keep  track  of  the  optimum  and  suboptimum  stations,  and 

ii)  Send  data  to  the  R/T  to  tune  it  to  the  optimum  frequency. 
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b)  During  its  attention  slot,  monitor  the  optimum  frequency 

looking  for  its  own  assigned  address.  When  cwn  address  is 
identified,  respond  with  information  requested  in  poll: 


i)  Position  report  (including  altitude):  path  report 
(optimum  stations) 

ii)  Meteorological  data  (when  requested)  j 

iii)  Other  data  or  aircraft  requests  (e.g.,  altitude  change, 
acknowledgements,  etc.) 


c)  Decode  and  generate  for  display,  the  ground-to-air  message 
generated  by  air  traffic  control,  weather  data,  etc. 


A  voice  communications  request  may  be  originated  by  the  ground 
station.  This  will  alert  the  flight  crew  to  transfer  one  HF  R/T  to 
the  optimum  voice  frequency.  Tuning  to  this  "best"  voice  frequency 
can  be  done  automatically  based  on  the  known  optimum  data 
frequency.  In  the  event  the  aircraft  generates  a  voice 
communications  request,  it  would  either  specify  the  optimum 
frequency  in  its  request  or  simply  start  to  use  it. 


A. 5.7  Additional  Studies  Needed 


The  need  for  additional  studies  to  confirm  that  path  diversity, 
adaptive  frequency  selection  and  a  well-designed  signal  will 
prevent  extended  outages  in  an  HF  data  link  system  has  been  alluded 
to  earlier  in  this  report.  As  was  noted,  the  fundamental 
assumption  underlying  the  HF  system  design  approach  is  that  during 
rare,  severe  propagation  disturbances,  adequate  path  and  channel 
capacity  are  available  to  support  all  aircraft  reporting 
requirements,  especially  those  associated  with  proximate  aircraft. 
Data  in  support  of  this  assumption  are  not  available  and  an 
i  experiment  is  required  to  settle  the  issue.  We  also  suggest 

additional  studies: 

1)  To  optimize  the  location  of  the  HF  ground  stations,  in 
particular  any  new  station  which  is  felt  to  be  necessary  to 
complete  the  network; 

2)  To  evaluate  more  detailed  signal  design  candidates  approximate 
to  the  data  link  parameters,  and 


3)  To  validate  by  simulation  the  methodology  for  network 
operation,  for  typical  channel  characteristics. 


A. 6.1  Introduction 


This  section  presents  a  summary  description  of  a  system  design 
concept  for  a  simple  HF  data  link  network  using  the  6  NAT 
communications  stations  in  a  real-time  network  featuring 
single-site  polling  from  either  of  two  communications  control 
stations  located  in  Europe  and  North  America.  Included  in  this 
concept  are  several  other  system  features:  a  single  HF  family  (5 
frequencies),  polling  interval  to  each  aircraft  of  5  minutes,  and  a 
less  complex  technique  for  frequency  selection  than  that  devised  by 
WGB  and  summarized  in  the  previous  section. 

The  Group  made  no  assumption  about  system  reliability  but  instead 
addressed  itself  to  the  formulation  of  a  consistent  design  which 
would  meet  the  data  transfer  requirements  for  a  5  minute  position 
report  update  interval,  and  which  used  the  simplest  possible 
equipment  complement  on  the  ground  and  in  the  aircraft.  The 
following  sections  describe  the  system,  tell  how  it  works,  and 
discuss  several  other  topics  related  to  operation  in  the  current 
voice  environment  and  to  transition  and  growth. 

A. 6. 2  Data  Transfer  Requirements 

As  a  basis  for  the  simple  network  HF  datalink  system  design,  the 
ATC  data  transfer  requirements  are  assumed  to  be  the  same  as 
described  in  Section  C. 3,  Appendix  C  of  this  report,  with  the 
exception  that  there  are  no  longer  any  "special  position  reports". 
Therefore,  a  total  of  223  aircraft  is  assumed  (peak  load  in  2005), 
with  position  reports  every  5  minutes  from  each.  In  the  network  HF 
data  link  and  voice  system  described  in  the  previous  section,  a 
packet  format  was  assumed  with  a  0.5  sec.  time  slot  within  which 
the  first  200ms  is  used  for  an  uplink  poll  and  the  next  300ms  for  a 
128-bit  "reply"  packet  (these  times  include  guard  times  for 
variable  propagation  delays).  The  128-bit  packet  size  is  adequate 
for  each  position  report  in  the  simplified  network  system,  however, 
the  revised  data  transfer  requirements  in  terms  of  128-bit  packets, 
including  both  uplink  and  downlink  messages,  was  reduced  to  91 
messages  per  minute. 

The  load  of  91  messages  per  minute  covers  all  ATC  messages 
identified  in  the  OASIS  study;  but,  to  allow  for  a  25%  overhead, 
the  message  transfer  rate  requirement  is  increased  to  114/minute. 

In  the  system  concept  envisioned  here,  only  one  poll/reply  occurs 
per  time  slot  over  the  entire  system.  Within  this  constraint,  the 
114  messages/minute  fits  well  with  the  use  of  one  0.5  sec.  time 
slot  per  poll/reply,  just  as  in  the  fully  adaptive  system.  Hence 
the  basic  packet  and  time  slot  structure  described  in  the  previous 
section  can  be  carried  over  without  change  for  data  transfer  in  the 
present  concept. 


A. 6 . 3  General  Design  Concept 


The  fundamental  concept  adopted  is  the  use  of  a  network  of  ground 
stations  so  that  an  aircraft  transmission  may  be  received  at  any  of 
the  communications  stations  of  the  network,  and  relayed  to  the 
communications  control  center.  The  network  stations  are  assumed  to 
be  at  the  locations  of  the  present  HF  communications  stations,  but 
it  is  assumed  that  new  antennas  and  power  amplifiers  will  be 
reqired  at  these  stations  both  for  technical  reasons  (requirements 
of  antenna  coverage  and  directivity,  and  frequency  agility),  and 
for  operational  reasons  (requirement  to  maintain  operation  of 
current  voice  system  during  and  after  transition  to  a  new  data 
network).  Each  ground  station  also  contains  a  receiver  and  data 
modem  for  each  frequency  in  the  family  of  5  frequencies,  as  well  as 
sufficient  computation  and  communications  control  capability  for 
network  operation. 

In  its  discussions,  WGB  was  aware  of  the  advantages  of  the 
additional  diversity  benefits  conferred  by  use  of  the  largest 
possible  frequency  family  (11  frequencies  under  the  current 
organization  of  the  aeromobile  spectrum),  but  has  limited  the 
system  to  a  family  of  5  frequencies  for  purposes  of  costing  (the 
design  of  the  system  timing  and  protocols  will  accomodate  a  larger 
number  of  frequencies). 

On  the  airborne  side  it  is  assumed  that  the  aircraft  will  utilize 
the  existing  HF  R/T  units;  the  differences  between  the  618T  and 
628T  equipments  with  respect  to  receive /transmit  switching  times 
and  frequency  tuning  times  are  accomodated  in  the  design.  New 
equipments  which  will  be  required  in  the  aircraft  include  the  HF 
data  modem  and  the  HF  data  system  management  unit  (MU).  The 
aircraft  equipment  also  contains  a  clock  of  the  required  stability 
and  provisions  for  clock  updating. 

Each  ground  station  transmits  on  only  one  frequency  at  any  time. 
Ordinary  message  traffic  is  conducted  for  the  first  4  out  of  5 
minutes  of  the  polling  cycle  using  one-half  second  polling 
exchanges  like  those  of  the  fully  adaptive  network  system.  The 
fifth  minute  of  each  cycle  is  devoted  to  a  systematic,  sequential 
transmission  of  all  the  frequencies  in  the  family  by  all  the  ground 
stations.  Thus,  station  1  transmits  on  frequency  1,  followed  by 
station  2  on  frequency  1,  and  so  on  through  station  6.  Station  1 
then  transmits  on  frequency  2,  followed  by  station  2,  and  so  on. 

The  transmission  sequence  is  synchronized  in  the  aircraft  receiver 
and  the  best  frequencies  are  evaluated  and  maintained  in  an 
aircraft  file.  If  the  quality  of  the  last  polling  frequency  is 
adequate,  the  aircraft  can  identify  the  best  frequencies  as  part  of 
its  next  poll  response  and  remain  tuned  to  this  frequency  indefi¬ 
nitely.  If  the  quality  of  the  last  polling  frequency  is  not 
adequate,  the  aircraft  uses  one  of  the  random  access  slots  provided 
in  the  timing  sequence  to  tell  the  ground  that  it  wishes  to  send  a 
channel  evaluation  message  (or  other  data). 
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To  provide  air-ground  path  diversity,  a  network  of  6  communications 
stations  is  assumed,  3  on  each  side  of  the  Atlantic.  Each 
3-station  group  is  connected  to  a  communications  control  center 
("star"  network)  and  the  two  star-nttworks  are  connected  by  a 
reliable  trans-Atlantic  data  link.  Unlike  the  network  of  the  fully 
adaptive  system,  connectivity  for  tiis  case  has  been  limited  in 
order  to  reduce  recurring  point-to-point  communications  costs.  The 
two  communications  centers  would  exchange  information  about  their 
respective  network  stations,  but,  if  this  link  were  broken,  the  two 
sides  of  the  ocean  would  control  aircraft  independently. 

Procedural  means  would  be  used  to  transfer  aircraft  in  traneit  from 
one  communications  center  to  the  other. 

The  general  concept  is  for  a  particular  communications  station  to 
communicate  with  a  given  aircraft  on  a  single  frequency  until  the 
aircraft  or  the  ground  station  determines  that  the  SNR  or  some 
other  quality  measure  is  marginal,  at  which  time  the  aircraft 
listens  to  and  evaluates  the  sounding  transmissions  to  select  a 
better  frequency  and/or  ground  station.  This  approach  implies  that 
the  system  will  function  using  existing  aircraft  antenna  couplers 
since  the  aircraft  will  only  occasionally  retune  for  transmission. 

The  most  likely  candidates  for  a  near-term  HF  modem  suitable  for 
use  in  the  simple  network  HF  system  implementation  are  M-ary 
Frequency-Shift  Keying  (FSK)  and  Multitone  Differential  Phase-Shift 
Keying  (DPSK).  Either  technique  would  likely  include  rate-1/2 
coding  to  improve  error-rate  performance  on  the  fading  HF  channel. 
For  a  data  (information  transfer)  rate  exceeding  about  300  b/s,  the 
higher  packing  density  available  in  a  fixed  bandwidth  via  multitone 
DPSK  is  a  strong  argument  for  use  of  the  DPSK  technique. 

A  third  candidate  of  less  traditional  type  is  a  spread-spectrum 
modem  within  the  same  nominal  3  KHz.  This  is  the  subject  of  recent 
and  ongoing  development,  and  appears  to  be  of  the  same  order  of 
modem  implementation  complexity  as  the  traditional  techniques.  The 
spread-spectrum  modem  achieves  a  form  of  multipath  diversity  that 
may  allow  use  of  higher-rate  coding  or  no  coding  at  all.  It 
appears  limited  to  transmitted  data  rates  of  about  300  b/s, 
possibly  as  high  as  600  b/s. 

A. 6.4  Summary  Description  of  the  ARINC  HF  Data  Link  Proposal 

In  submission  to  Working  Group  B  and  the  ARC,  (ARC  81/WP-7,  "A 
possible  approach  to  the  early  introduction. . .of  air-ground  data 
communications...",  May  1981),  Aeronautical  Radio,  Inc.,  (ARINC) 
outlined  an  HF  Data  Link  System  "Strawman"  that  they  are  actively 
considering  as  a  commercial  venture  for  airline  operators  equipped 
with  VHF  ACARS.  The  design  philosophy  used  by  ARINC  was  directed 
at  an  early  implementation  of  an  HF  data  link  capability,  with 


consideration  for  future  growth,  rather  than  the  ATC  data  transfer 
requirements  for  the  year  2005  upon  which  all  other  WGB  data  link 
proposals  were  based.  This  section  summarises  salient  features  of~ 
the  ARINC  Strawman  and  comments  by  WGB. 

The  significant  characteristics  of  the  ARINC  Strawman  are  as 
follows : 

1)  The  normal  communications  mode  is  viewed  as  "demand  access" 
with  aircraft  freely  originating  messages  as  needed.  In 
addition  to  ground  interrogations  for  position  teports  or 
other  information.  Messages  occur  asynchronously,  initiated 
after  first  observing  that  the  channel  appears  free,  and  have 
durations  as  needed  for  the  message  content.  Contention 
difficulties  are  resolved  by  retries,  and  a  backup  polling 
mode  discipline  is  envisioned  to  be  used  if  the  demands  for 
the  channel  become  too  great.  The  backup  polling  uses 
query/response,  but  does  not  involve  a  regular  time-slot 
structure  as  in  the  simplified  network  HF  data  link  system  of 
WGB. 

2)  A  single  transmission  on  a  single  frequency  may  occur  from  any 
ground  station  or  aircraft  at  any  time;  two  or  more  ground 
stations  or  aircraft  may  transmit  simultaneously  (to  different 
aircraft)  on  different  frequencies.  Ground  transmissions  may 
be  replies  to  an  aircraft  message,  ground-initiated  messages 
or  queries,  or  a  "squitter"  call.  In  order  to  allow  aircraft 
to  maintain  an  assessment  of  the  quality  of  alternate 
frequencies  allocated  to  the  system,  the  ground  transmits  a 
squitter,  which  is  a  non-addressed  message  ("All  Call")  on  a 
frequency  not  otherwise  radiated  within  a  given  time  (one  to 
two  minutes).  Aircraft  transmissions  will  include  the  address 
of  the  ground  station  to  which  they  connect. 

3)  For  North  Atlantic  operation,  three  stations  on  each  side  of 
the  ocean  are  tied  to  a  communications  control  center  (one 
network  on  each  side  of  the  ocean),  with  a  single  family  of 
frequencies  per  network.  Alternately,  a  single  frequency 
family  is  time-shared  between  the  two  networks. 

4)  The  two  communications  control  centers  are  tied  together  by  a 
data  circuit.  Aircraft  which  cannot  be  heard  by  their  primary 
station  but  which  can  be  heard  from  other  stations  will 
communicate  via  these  other  stations,  using  the  data  circuit 
for  coordination. 

5)  Each  station  has  a  set  of  ground  receivers  covering  every 
frequency  in  use  (on  both  sides  of  the  ocean). 
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6)  In  the  normal  mode,  aircraft  listen  on  their  selected 

frequency  for  uplink  transmissions.  All  uplink  transmissions 
contain  scation  I.D.  The  aircraft  demodulate  each 
transmission  and  estimate  its  quality  (via  error  control 
decoding).  A  timer  is  reset  each  time  a  valid  (adequate 
quality)  uplink  transmission  is  received  (including  squitter 
calls).  After  a  time-out  period  of  no  successful  receipts, 
the  aircraft  enters  a  search  mode,  stepping  over  its  other 
frequencies  to  find  one  that  is  acceptable. 

Some  doubt  was  felt  by  WGB  that  the  demand  mode  could  service 
the  system  mangement  and  traffic  load  in  any  case,  and  that 
the  control  mechanism  for  switchover  to  a  poll  mode  would  be 
trouble-free.  WGB  also  questioned  whether  system  analysis  or 
simulation  would  support  ARINC's  assumption  that  the 
demand-access  mode  will  give  acceptable  operation  at  a 
data-transfer  rate  of  150  b/sec  (300  b/sec  transmitted  symbol 
rate  using  rate  -  1/2  coding),  and  whether  the  datp  tranfer 
rate  must  be  held  that  low  in  order  to  achieve  low  modem/codec 
costs  and  early  availability.  (Note:  the  exact  data  rate  and 
any  coding  has  not  been  decided.) 

In  the  absence  of  sizing  and  costing  information  on  the  ARINC 
Strawman,  WGB  noted  that  its  proposal  for  a  simple  network  HF 
data  link  system  and  the  ARINC  Strawman  are  substantially 
similar  in  the  configuration  of  the  ground  coimnunications 
stations,  the  ground  network  arrangements  and  the  avionics 
configuration.  In  addition,  all  large  cost  elements  for  the 
two  systems  appear  to  be  identical.  These  new  ground  station 
installations  and  their  associated  costs  arise  because  of  the 
need  for  continuing  and  compatible  operation  of  the  existing 
voice  system  as  the  data  link  network  is  implemented.  Thus 
very  substantial  new  costs  will  be  incurred  for  either  system 
for  communications  station  implementation  and  recurring 
ground-ground  data  transmission  costs. 

Approximately  once  each  minute,  but  not  on  a  fixed  schedule, 
each  ground  station  will  make  a  random  access  poll  on  each 
frequency  that  it  is  currently  using  for  traffic.  If  the  site 
receives  a  reply,  it  will  respond  to  the  requesting  aircraft, 
add  it  to  the  poll  table,  and  repeat  the  random  access  call. 
This  will  allow  aircraft  to  enter  the  system  within  1  minute 
if  they  are  given  a  frequency  and  station,  as  by  VHF  data  link 
or  SSB  voice,  or  other  means,  at  the  beginning  of  a  flight. 

As  has  been  described  in  earlier  sections,  the  data  link 
concept  described  here  assumes  the  use  of  new  ground  station 
equipment  (antennas,  transmitters,  receivers,  processors, 
etc.)  since  interference  with  the  existing  voice  system  is  not 
permitted.  On  the  aircraft,  the  R/T  unit,  antenna  and  coupler 
are  assumed  shared  between  voice  and  data  services  but  a  new 
HF  data  modem  and  new  management  unit  and  peripherals  are 
assumed . 
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APPENDIX  B 

SATELLITE  SUPPORT  INFORMATION 
(Prepared  by  FAA  and  SRI) 

B.I  Working  Group  B  Satellite  System  Description 

Specifications  of  the  satellite  data  link  and  voice  system,  includ¬ 
ing  link  budgets  and  supporting  information,  was  developed  by  Working 
Group  B  of  the  Aviation  Review  Committee.  The  satellite  system  concept 
is  described  in  ARC  80/WP-17  (Report  of  WGB  to  the  ARC,  Section  3, 
November  24,  1980).  A  brief  sunsnary  of  this  description  is  included 
below  in  Section  B.3,  as  indicated  by  the  indented  text. 

B.2  Ground  Station  Costs 

Satellite  ground  station  technology  is  highly  developed.  At  the 
suggestion  of  Intelsat,  Professor  Bruce  Lusignian  of  Stanford  University 
provided  data  on  the  costs  of  such  a  facility  based  on  recent  experience 
with  the  development  of  several  such  stations. 

Calculations  of  required  computer  processor  support  equipment 
showed  that  a  Satellite  Data  Link  and  Voice  System  would  need  so  many  of 
the  functions  associated  with  the  Network  HF  Data  Link  and  Voice  system 
that  virtually  the  same  components  could  be  used  for  cost  estimation 
purposes.  Although  a  satellite  master  ground  station  would  not  need  a 
frequency  management  software  module,  it  would  need  a  module  for  dealing 
with  Doppler  shifts. 

Satellite  avionics  estimates  were  difficult  to  make  within  the 
allowable  time  limits.  The  elements  involved,  such  as  L-Band  power 
amplifiers  and  VHF  antennas,  do  not  have  useful  analogs  in  the  aviation 
industry.  One  important  factor  is  the  need  for  relatively  high  power 
L-band  amplification  to  meet  a  voice  requirement.  The  Working  Group  B 
recommendation  of  placing  the  amplifier  in  the  avionics  rack  doubles  the 
amount  of  power  required  because  of  cable  losses.  Placement  of  the 
amplifier  near  the  antenna  appears  to  be  reasonable  and  possible,  at 
least  for  widebody  aircraft.  Hence,  this  type  of  power  amplifier 
installation  was  assumed. 

This  consideration  and  others  (related  to  the  use  of  VHF  antennas) 
prompted  us  to  call  Mr.  Robert  Sutton  of  Boeing  regarding  possible  costs 
associated  with  airframe  modifications.  Discussions  with  Boeing  indica¬ 
ted  that  the  cost  of  a  modification  to  an  aircraft  type  to  account  for 
structural  analysis  and  certification  may  range  from  $50,000  per  air¬ 
craft  type  to  $500,000.  The  lower  end  would  correspond  to  a  one-time 
cost  associated  with  cutting  metal  and  doubling  (i.e.,  reinforcing  a 
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small  area  of  sheet  metal),  but  not  involving  bulkheads  and  stringers. 
Bulkheads  are  spaced  from  19-20  inches  apart  and  stringers  have  about  7 
inches  between  them.  Making  bulkhead  modifications  requires  extensive 
analysis. 

L-band  appears  to  offer  less  technical  uncertainty  with  respect  to 
performance  than  VHP:  (1)  Comparable  aircraft  L-Band  antennas  are  much 
smaller  and  easier  to  install  than  VHF  antennas  (with  possible  associa¬ 
ted  cost  impacts);  (2)  it  is  more  difficult  to  obtain  aircraft  antenna 
associated  discrimination  against  sea  reflected  multipath  at  VHF;  (3) 
the  characteristics  of  sea  teflected  multipath  at  VHF  may  significantly 
impact  the  level  of  performance  (since  the  VHF  wavelength  is  nearly  an 
order  of  magnitude  longer  than  the  L-Band  wavelength,  the  multipath  at 
VHF  may  have  a  significant  coherent  component  which  would  cause  periodic 
fading  and  enhancement  of  the  direct  path  signal);  (4)  VHF  is  subject  to 
much  deeper  fades  due  to  scintillation;  (5)  L-Band  is  a  cleaner  spectrum 
from  the  potential  ground  based  interference  standpoint;  and  (6)  much 
more  experimentation  has  been  carried  out  at  L-Band  (in  particular  the 
international  programs  that  used  the  U.S.  National  Aeronautics  and 
Space  Administration's  Applications  Technology  Satellites  5  and  6,  i.e., 
ATS-5  and  ATS-6),  and  thus  the  performance  characteristics  of  L-Band 
under  various  conditions  and  with  various  modulation  techniques  are 
known.  In  addition,  the  VHF  frequency  allocations  would  not  readily 
provide  for  the  frequency  needs  associated  with  a  growing  satellite 
system.  A  complete  cost  comparison  would  require  further  analysis. 

At  an  informal  meeting  of  several  Working  Group  B  members,  Ford 
Aerospace  indicated  that  VHF  antennas  on  spacecraft  would  probably 
present  problems  with  respect  to  sharing  a  satellite  platform.  This 
fact,  coupled  with  the  technical  uncertainties  of  VHF,  led  SRI  to 
analyze  the  costs  of  an  L-Band  system. 

B.3  Summary  Satellite  System  Description 

B.3.1  Introduction 

In  order  that  the  HF  and  satellite-based  communications 
improvement  options  may  be  properly  compared,  the  Working 
Group  adopted  a  uniform  set  of  communications  requirements 
for  ATC  up  to  the  year  2005.  These  requirements  are  set 
forth  in  Section  C.3  of  Appendix  C  to  this  report.  The 
basic  data  rate  for  the  most  stringent  requirements  is  200 
bps  uplink  and  600  bps  downlink  (position  update  rate 
assumptions  of  two  reports/min  for  proximate  aircraft  and 
or-?  report  every  5  minutes  for  other  aircraft).  It  is  noted 
that  these  requirements  do  not,  however,  address  the  needs 
of  airline  company  conmunications  or  other  services.  (The 
uplink  data  rates  of  160  bps  and  200  bps  corresponding  to  1 
min/poll  and  0.5  min/poll  for  proximate  aircraft  used  in  the 


WGB  report  are  slightly  higher  than  the  rates  of  130  bps  and 
170  bps  presented  in  Appendix  C  due  to  a  refinement  of  these 
requirements  after  the  satellite  system  analyses  were  com¬ 
pleted.  The  small  differences  did  not  appear  to  warrant  a 
re-working  of  the  system  description  at  that  time.) 

The  approach  pursued  by  WGB  was  believed  to  be  a  conserva¬ 
tive  and  hopefully  an  economical  one  while  at  the  same  time 
leaving  sufficient  latitude  for  growth.  The  system  concept 
centres  on  a  satellite  transponder  service  from  geosyn¬ 
chronous  positions  that  focus  primarily  on  the  North 
Atlantic  region.  Both  VHF  and  L-Bank  satellite-to-aircraf t 
links  were  considered  in  the  satellite  system  designs; 
however,  a  satellite  transponder  would  use  either  L-Band  of 
VHF  frequencies  but  not  both.  The  baseline  design  concept 
calls  for  providing  a  level  of  data  transmission,  which  will 
shortly  be  described,  in  addition  to  a  voice  capability  that 
would  be  constrainted  to  have  a  low  utilization,  e.g. ,  for 
unusual  communications  circumstances.  Section  B.5  assesses 
the  impact  on  the  system  if  this  voice  requirement  were 
eliminated. 

B.3.2  System  Description 

The  general  characteristics  of  the  system  includes  various 
operating  parameters  and  constraints  on  specific  segments 
detailed  below: 

1)  Coverage 

The  transponder  would  be  located  in  geosynchronous 
orbit  above  the  Atlantic  Ocean  to  provide  North  Atlan¬ 
tic  and  Caribbean  Ocean  area  coverage  approximately  as 
shown  in  the  accompanying  map.  No  performance  degrada¬ 
tion  is  allowed  during  satellite  eclipse  periods. 

2)  Frequencies 

(i)  Ground-to-satellite :  5.0  GHz  to  5.125  GHz 

(ii)  Satellite-to-ground:  5.125  GHz  to  5.25  GHz 

(iii)  Satellite-to-aircraf t :  1.545  GHz  to  1.559  GHz  or 

118  MHz  to  137  MHz 

(iv)  Aircraf t-to-satellite :  1.6465  GHz  to  1.660  GHz  or 

118  MHz  to  137  MHz 


3)  Functional  Characteristics 


A/c-to-ground  com. 


Ground-to-A/C  com. 


System  Management 
( Ground-to-ground ) 

The  accompanying  simplified  functional  block  diagram 
illustrates  the  required  transponder  information  paths  in 
the  case  of  L-Band. 

B.3.2.1  Avionics  Design/Aircraft  Antenna  System 

For  the  satellite  system  design  a  nominal  antenna  gains  of 
+ldB  was  assumed.  This  theoretical  figure  is  the  gain  of  the 
aircraft  antenna  at  elevation  angles  greater  than  10°  over 
90  to  93  percent  of  the  azimuthal  coverage.  Holes  in  coverage 
or  loss  of  signal  due  to  major  roll  attitudes  of  the  aircraft 
are  dealt  with  operationally,  i.e.,  re-transmissions  if  the 
system  margin  is  inadequate. 

Due  to  the  critical  accessibility  for  maintenance  only  low 
noise  preamplifiers  (300°K  noise  temp,  assumed)  seem  to  be 
acceptable  for  mounting  near  the  antenna.  Very  high  antenna 
system  MTBUR  (Mean  Time  Between  Unscheduled  Removals)  is  a 
stringent  requirement.  (10,000  hrs.)  Transmitter  cable 
losses  of  up  to  3  to  4dB  should  be  allowed. 

The  interface  requirements  to  other  avionics  equipment  onboard 
the  aircraft  should  be  limited,  wherever  possible  to  thosf. 
parameters  which  are  easily  available  in  digital  form  from 
only  a  few  ARINC  429  buses.  Buffering,  where  required,  must 
be  done  within  the  transceiver. 

B.3.2.2  Space  Segment 

The  nature  of  the  space  segment  will  be  influenced  to  a  large 
extent  by  the  type  of  sharing  arrangements  obtained.  The 
design  philosophy  adopted  was  to  assume  that  an  aeronautical 
satellite  transponder  shares  a  spacecraft  bus  with  another 
payload.  Thus,  the  transponder  derives  primary  power  and 
associated  service  from  a  common  bus.  Both  L-band  and  VHF 
versions  would  require  a  significant  amount  of  antenna  space. 
Nevertheless,  the  L-band  antenna  would  be  more  compact,  in 


(i)  L-Band  -  to  -  C-Band  transponder 
or 

VHF  -  to  -  C-Band  transponder 

(ii)  C-Band  -  to  -  L-Band  transponder 
or 

C-Band  -  to  -  VHF  transponder 

(iii)  C-Band  -  to  -  C-Band  transponder: 
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SATELLITE  FUNCTIONAL  BLOCK  DIAGRAM 


spite  of  the  fact  that  its  coverage  is  limited  to  the  NAT  and 
less  constraining  to  other  antenna  systems.  A  solid  state 
implementation  is  envisaged  throughout  the  transponder 
design.  The  C-band  antenna  is  envisaged  as  an  earth-coverage 
horn. 

The  bandwidth  of  the  transponder  would  be  relatively  narrow, 
since  it  would  carry  at  most  two  narrow-band  signals  (low- 
speed  data  and  voice)  in  the  ground-to-air  direction  and 
possibly  several  narrow-band,  low-speed  data  channels  in  the 
other  direction.  , 

B. 3.2.3  Ground  Terminal 

The  approach  used  to  define  the  Ground  Terminal  is  to  keep  the 
antenna  size  as  small  as  practicable  without  affecting  satel¬ 
lite  cost  appreciably.  If  the  antenna  size  is  sufficiently 
small,  say  of  the  order  of  3m  to  5m,  then  the  antenna  can  be  a 
non-tracking  type  or,  at  most  resort  to  the  simpler  tracking 
schemes  such  as  step  or  program  track.  A  3m  dish  antenna  has 
a  half-power  bearawidth  of  slightly  more  than  1°  at  5  GHz  and 
a  peak  gain  of  about  44dB.  It  is  assumed  to  provide  at  least 
41dB  gain.  A  system  noise  temperature  of  200°K  is  assumed. 

The  resulting  G/T  for  the  ground  terminal  is  +18dB°K.  In 
addition  to  the  antenna  and  low  noise  receivers,  the  ground 
terminal  will  include  the  necessary  amplifiers,  I.F.  proces¬ 
sors,  modems  and  interface  equipment. 

B.3.2.4  System  Operation 

1)  Ground-to-air  channels 

There  is  assumed  to  be  one  ground-to-air  data  channel  and 
one  ground-to-air  voice  channel.  The  data  channel  will 
continuously  send  information  at  200  bps*  to  the  entire 
coverage  region.  Each  aircraft  tunes  to  this  beacon-like 
signal  well  in  advance  of  entering  the  service  area  and 
essentially  stays  tuned  to  it  with  only  brief  inter¬ 
ruption  such  as  when  the  aircraft  transmits  a  burst  reply 
or  when  the  aircraft  maneuvers  in  such  a  way  as  to  cause 
blocking  of  the  line-of-sight  to  the  satellite.  In  these 
cases  the  avionics  must  re-acquire  the  signal  by  initia¬ 
ting  a  search  at  that  frequency  where  drop-out  occurred. 


*WGB  developed  three  concepts  of  100  bps,  160  bps  and  200  bps  ground- 
to-air  data  rate  configurations  (and  associated  air-to-ground  rates  of 
300  bps,  400  bps  or  600  bps)  corresponding  to  position  update  rates  for 
proximate  aircraft  of  one  per  2  minutes,  '  minute,  and  30  seconds 
respectively.  Only  the  200  bps  case  is  retained  for  the  sake  of 
brevity  in  this  summary. 


The  forward  voice  channel  is  designed  for  low  utiliza¬ 
tion.  Its  utilization  may  be  expected  to  be  well  below 
0.2.  This  channel  is  broadcast  to  the  entire  coverage 
region.  Channel  selection  will  probably  be  manual  with  a 
data-linked  indicator  (like  SELCAL)  if  voice  communica¬ 
tion  is  to  be  initiated  by  the  ground. 

2)  Air-to-G round  Channels 

The  operational  concept  allows  for  either  single  or  mul¬ 
tiple  air-to-ground  data  channels.  The  volume  of  data 
has  been  estimated  to  be  about  600  bps.  In  addition,  a 
100  bps  overhead  was  assumed  to  account  for  reply  pream¬ 
bles  necessary  for  signal  acquisition  as  well  as  for  the 
inevitable  guardtimes  that  are  necessary  to  prevent 
simultaneous  arrival  of  different  transmissions  within 
the  same  channel  at  the  satellite. 

The  voice  return  channel,  like  its  forward  counterpart, 
is  expected  to  have  a  low  utilization.  In  order  to  use 
satellite  power  most  efficiently,  it  is  likely  that  his 
voice  channel  can  only  be  received  on  the  ground  and  not 
by  other  aircraft.  Since  the  forward  and  return  pair  of 
channels  are  operated  half-duplex,  i.e.,  on  different 
frequencies  but  not  simultaneously,  it  is  possible  to 
re-broadcast  each  aircraft  originated  voice  message  to 
serve  as  a  busy  indication  to  all  other  users.  However, 
this  could  be  wasteful  of  satellite  primary  power.  The 
access  to  this  voice  channel  is  controlled  from  the 
ground  via  requests  issued  by  aircraft  on  eithsr  the 
periodic  data  polls  or  through  a  separate  random  rapid 
access  channel.  Clearances  to  use  the  voice  channel  will 
be  determined  on  the  ground,  on  a  priority  basis  if 
necessary,  and  transmitted  to  the  requesting  aircraft. 

3)  Channel  Access 

All  routine  data  conmunication  is  performed  through 
periodic  polls  of  all  aircraft  in  the  system.  These 
polls  are  conducted  from  a  sequence  list  maintained  by 
computers  in  both  ground  stations.  The  ordering  is 
dynamically  maintained  to  permit  up  to  two  polls  per 
aircraft  per  minute  for  some  aircraft. 

A  random  access  channel  is  a  frequency  or  time  slot  of 
low  utilization  that  may  be  used  by  aircraft  to  initiate 
a  message  transaction  with  the  ground  prior  to  a  ground- 
initiated  poll.  Aircraft  that  are  on  less  frequent 
polling  cycles  or  random  "pop-ups"  would  be  the  most 
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likely  users  of  such  a  channel.  Aircraft  leaving  the 
control  system  would  be  handed  over  to  the  appropriate 
adjacent  enroute  control  sectors  in  a  manner  that  is 
functionally  equivalent  to  the  current  practice. 

B.3.2.5  General  Signal  Characteristics 

In  the  previous  section  it  was  pointed  out  that  forward  trans¬ 
missions  are  essentially  continuous  and  broadcast  in  nature 
whereas  return  transmissions  are  short  bursts  in  reply  to 
polling  requests.  Embedded  in  the  forward  signal  stream  are 
specific  aircraft  addresses  followed  by  instructions  and/or 
requests  for  specific  kinds  of  information. 

The  return  communications  sequence  is  inherently  more  compli¬ 
cated  than  the  forward  segment.  This  is  due  to  the  fact  that 
return  transmissions  are  bursts  originating  at  the  aircraft 
from  widely  dispersed  geographical  locations  and  with  varying 
doppler  offsets.  Furthermore,  practical  economic  factors 
limit  the  avionics  oscillator  precision  and  the  peak  trans¬ 
mitter  power. 

To  some  extent,  such  equipment  limitations  can  be  compensated 
through  the  use  of  more  sophisticated  ground  receiving  equip¬ 
ment.  In  particular,  it  is  reasonable  to  expect  that  the 
ground  equipment  would  retain  the  last  known  frequency  offset 
for  each  aircraft  (this  includes  the  aircraft  transmission 
iopplar  shift)  and,  to  some  extent,  predict  its  value  at  the 
time  of  the  next  anticipated  reception. 

Another  very  important  consideraton  in  the  signal  design  for 
both  forward  and  return  signals  is  the  consideration  of  multi- 
path.  The  extent  of  this  problem  will  depend  largely  on  the 
aircraft  antenna  geometry.  Signals  that  are  robust  to  this 
environment  must  be  considered. 

B.4  System  Performance 

B.4. 1  Performance  Requirements 

General  performance  requirements  are  as  follows: 

a)  The  received  data  messages  should  show  a  bit  error  rate 
of  10"5  or  better. 

b)  The  voice  messages  to  be  received  should  have  the  same 
level  of  intelligibility  as  the  one  achieved  with  current 
overland  VHF  air/ground  communication  channels. 
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B.4.2  System  Parameters  and  Assumptions 

The  following  parameters  are  believed  to  be  conservative 

estimates  of  what  can  be  reasonably  achieved,  and  assump¬ 
tions  believed  to  be  acceptable  for  the  purpose  of  satellite 

link  designs. 

a)  The  aircraft  receiver  noise  temperature  (including 
antenna  contribution)  is  of  the  order  of  1300°K  at  VHF 
and  500°  at  L-Band. 

b)  The  aircraft  antenna  gain  is  assumed  to  be  -1  dB  at  VHF 
and  +1  dB  at  L-Band  for  elevation  angles  above  10°.  A 
margin  of  1.5  dB  at  VHF  and  3  dB  at  L-Band  is  allowed  for 
cable  and  miscellaneous  losses. 

c)  The  spacecraft  receiver  noise  temperature  is  of  the  order 
of  2000°  K  at  VHF,  1000°  at  L-Band  and  2000°  at 

C-Band . 

d)  The  spacecraft  antenna  gain  is  assumed  to  be  120  dB  at 
VHF,  20  dB  at  L-Band  and  17  dB  at  C-Band.  A  margin  of 
1.5  dB  is  allowed  for  feeder  and  diplexer  losses.  An 
allocation  of  0.5  dB  is  allowed  for  miscellaneous  losses 
at  C-Band. 

e)  The  ground  station  receiver  noise  temperature  is  of  the 
order  of  200°  K  (B-Band).  . 

f)  The  grpund  station  antenna  gain  is  assumed  to  be  41  dB 
(C-Bar,d).  A  margin  of  about  2  dB  is  allowed  for  cable 
and  miscellaneous  losses. 

g)  The  spacecraft  transponder  is  assumed  to  be  of  the  satur¬ 
ated  type. 

h)  The  spacecraft  power  amplifier  DC  to  RF  conversion  effic¬ 
iency  is  about  50%  at  VHF,  and  28%  at  L-Band. 

i)  The  C-Band  Carrier  to  Noise  density  ratio  requirement  has 
been  arbitrarily  chosen  to  be  15  dB  above  the  ones  for 
aircraft  to  spacecraft  and  spacecraft  to  aircraft  links. 
This  level  allows  the  separation  of  each  path  into  two 
distinct  links  with  C-Band  noise  degradation  at  a  negli¬ 
gible  level. 

j)  The  acceptable  link  margins  required  to  compensate  for 
path  anomalies  encountered  by  various  types  of  satellite 
links  are  assumed  to  be  as  follows: 
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2  dB  for  C-Band  links 
5  dB  for  L-Band  links 
11  dB  for  VHF  links. 

B . 4 . 3  Link  Analy s is 

The  required  C/No  for  the  aircraft/satellite  data  communica¬ 
tion  links  are  based  on  approximately  12  dB  signal  to  noise 
ratio  in  a  bandwidth  equivalent  to  the  information  data  rate. 
This  signal  level  is  close  to  the  minimum  required  for  candi¬ 
date  modulation  schemes,  (allowing  for  implementation  losses) 
but  should  be  adequate  to  provide  the  necessary  error  rates  in 
a  multipath  environment  if  a  suitable  coding  scheme  is 
employed . 

The  required  C/No  for  voice  communication  links  is  assumed  to 
be  43  dBHz. 

A  summary  of  the  communication  links  showing  the  required 
power  for  the  satellite  and  aircraft  transmitters  for  both  VHF 
and  L-Band  and  for  voice  and  data  is  shown  below: 


Aircraft  Transmitter  Satellite  Transmitter 


RF  Power  (Watts) 

DC  Power 

(Watts) 

Communication 

Load  Option 

VHF 

*/** 

L-Band 

*/** 

VHF 

L-Band 

30  sec  polling 
interval  for 
close  proximity 
aircraft 

11/45 

12/63 

14 

20 

Voice 

Communication 

Channel 

71 

100 

89 

127 

*  Thia  refers  to  the  multiple  return  channel  implementation  at 
same  data  rate  as  the  forward  link. 

**  This  refers  to  the  single  return  channel  implementation. 


B.S  Impact  of  Removing  Voice  Capability 

The  vice  channel  requirement  can  have  a  significant  impact  on 
the  satellite  system  implementation.  It  affects  primarily  the 
aircraf t-to-satellite  and  satellite-to-aircraf t  links. 

In  these  communications  links,  a  data  rate  of  200  bps  to  700 
bps  has  been  identified  as  the  ATC  requirement.  The  power 
levels  needed  to  support  adequate  data  transmissions  at  these 
rates  is  considerably  less  than  that  required  for  a  conven¬ 
tional  voice  transmission.  In  order  to  provide  acceptable 
voice  communications,  either  the  transmitted  power  levels  must 
be  increased  or  one  must  resort  to  more  complex  voice  proces¬ 
sing  equipment  to  provide  the  voice  service  at  lower  power. 

The  current  state  of  the  art  provides  low-bit-rate  voice 
communications  over  channels  that  will  support  as  little  as  1 
kbps. 

The  approach  taken  in  this  satellite  system  characterization 
is  to  size  both  avionics  and  satellite  transponder  to  provide 
adequate  power  levels  for  conventional  voice  communications. 

The  projected  size  of  such  power  amplifiers  is  in  the  vicinity 
of  100  w  continuous  RF  Output  power.  If  the  voice  requirement 
were  removed,  the  required  peak  power  output  is  expected  to 
drop  to  about  25  watts.  Furthermore,  since  the  data  trans¬ 
mission  is  bursty  and  on  a  low  duty  factor,  the  average  RF 
power  output  is  of  the  order  of  1  watt  or  less. 

The  impact  on  the  satellite  transponder  on  the  satellite  trans¬ 
ponder  cost  of  removing  the  voice  channel  may  also  be  signifi¬ 
cant,  though  perhaps  not  to  the  same  extent.  In  the  case  of 
the  satellite  transponder,  the  peak  and  average  data  transmis¬ 
sion  power  requirement  is  essentially  constant.  Nevertheless, 
a  greater  EIRP  requirement  in  the  satellite  will  likely 
increase  the  cost  of  service  either  through  higher  primary 
power  requirements  of  larger  antenna  and  hence  a  more  complex 
feed/receiving  system  in  the  satellite. 

The  cost  impact  of  removing  the  voice  channel  is  contained  in 
the  appropriate  Cost  Factor  Section  of  this  report. 
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LINK  :  GROUND  TO  SPACECRAFT  C  BAND 
CASE  :  30  sec.  Minimum  Polling  Interval 


Types  of  channels 

Required  C/No 

-  G/T 

-  Lp 
K 


200  BPS 


50  dbHz 
16  dB/*K 
199  dB 

■229  dBw/Hz-*K 
B 


700  BPS 


56  dBHz 
16  dB/’K 
199  dB 
-229  Hz-*K 
2  dB 


Required  EIRP 

Cable  and  Miscellaneous 

Losses 

G. 


Requlred  RF 
power 


38  dBw 

2  dB 
41  dB 


-1  dBw 
(0.8  w) 


44  dBw 
B 


Types  of  Channels 


LINK  :  SPACECRAFT  TO  GROUND  -  C  B 
CASE  :  30  sec.  Minimum  Polllnq  Interval 


200  BPS 


Required  C/No 
-G/T 
-Lp 
K 


50  dBHz 
-18  dB/*K 
199  dB 

■229  dBw/Hz-*K 
B 


56  dBHz 
-18  dB/*K 
199  dB 

■229  dBw/Hz-’K 
2  dB 


Required  EIRP 

4  dBw 

Miscellaneous  losses 

0.5  dB 

St 

17  dB 

Required  RF 

-12.5  dBw 

10  dBw 
■6.5  dBw 
17  dB 


-6.5  dBw 
(0.2  w) 


LINK:  SPACECRAFT  -  AIRCRAFT  L  BAND 

CASE:  30  sec  Minimum  Polling  Interval* 


Types  of  Channels  200  BPS 

Required  C/No  35  dBHz 

-  G/T  26  dB/*K 

-  Lp  189  dB 

K  -229  dBw/Hz*-K 

Margin  5  dB 

Required  EIRP  26  dBw 

Feeder  and  dlplexer  losses  1.5  dB 

Gt  20  dB 

Required  RF  7.5  dBw 

power  (5.6  w) 

Required  DC  13  dBw 

power  ( 20  w) 

(28  X  efficiency) 

LINK:  AIRCRAFT  TO  SPACECRAFT  -  L  BANO 


mrr 

30  sec  Minimum  Polling  Interval 

Types  of  Channels 

200  BPS 

700  BPS 
i 

Required  C/No 

35  dBHz 

41  dBHz 

-G/T 

10  dB/*K 

10  dB/*K 

-Lp 

189  dB 

189  dB 

K 

-229  dBw/Hz-’K 

-229  dBw/Hz-*K 

Marqin 

5  dB 

5  dB 

Required  EIRP 

Cable  and  miscellaneous 

10  dBw 

16  dBw 

losses 

3  dB 

3  dB 

Gt 

1  dB 

1  dB 

Reauired  RF 

12  dBw 

18  dBw 

power 

(16  w) 

(63  w) 
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Appendix  C 
SYSTEM  REQUIREMENTS 
(Prepared  by  FAA  and  SRI) 


C.  1  Introduction 

This  section  presents  a  derivation  of  various  operating  require¬ 
ments  that  might  be  associated  with  technological  improvements. 
Requirements  are  developed  for  dependent  surveillance  function  and  an 
airborne  separation  assurance  device.  Section  C.2  describes  dependent 
surveillance  and  Section  C.3  addresses  communications  requirements.  In 
C.4  alarm  rate  estimates  for  separation  assurance  devices  and 
surveillance  are  developed. 

C.2  Dependent  Surveillance  i 

This  section  develops  relationships  between  lateral  separation 
minima  (and  related  operating  parameters)  and  the  communicatins 
capabilities  of  an  automated  digital  communications  link  capable  of 
supporting  a  dependent  surveillance  function.  A  parametric  model  of  a 
dependent  surveillance  process  is  developed  and  solved  for  the  parame¬ 
ters  that  appear  to  give  acceptable  performance.  The  development 
presented  here  is  an  outgrowth  of  results  first  presented  in  ref.  1  and 
subsequently  improved. 

The  dependent  surveillance  function  itself  has  been  developed  and 
examined  to  the  extent  believed  necessary  to  determine  if  the  position 
update  rates  postulated  at  the  4th  Committee  Meeting  were  reasonable  and 
to  determine  if  the  function  appeared  to  be  sufficiently  practicable  to 
merit  further  examination.  Therefore,  the  following  development  and 
analysis  of  the  surveillance  function  should  not  be  viewed  as  exhaus¬ 
tive.  However,  careful  consideration  has  been  given  to  selecting 
reasonable  parameter  values,  such  as  controller  function  times, 
off-track  aircraft  deviations,  and  corrective  maneuvers. 

C.2.1  The  Generic  Surveillance  Function 

The  use  of  surveillance  to  improve  flight  safety  by  decreasing  the 
incidence  of  collision  risk  involves  two  primary  parameters:  (1)  the 
total  position  location  error  of  the  entire  surveillance  system  due  to 
such  factors  as  the  sensor,  signal  propagation,  data  processing,  and 
data  display,  which  will  hereafter  be  referred  to  as  the  maximum 
surveillance  (MSE)  error;  and  (2)  an  absolute  minimum  allowable  spacing 
between  pairs  of  aircraft,  which  will  hereafter  be  referred  to  as  the 
minimum  aircraft-to-aircraft  spacing  (MAS).  The  MAS  is  intended  to 


provide  a  substantial  margin  of  collision  risk  safety  in  those  rare 
circumstances  where  some  system  lapse  has  occurred  and  the  HAS  is 
compromised.  The  sum  of  the  HSE  and  the  MAS  equals  the  surveillance 
separation  (SS),  which  is  the  minimum  indicated  target  spacing  (on  the 
display  or  from  another  position  location  data  source)  allowed  such  that 
the  MAS  is  not  compromised. 

C.2.2  Surveillance  Correction  Model 

figure  C-l  presents  a  basic  outline  of  cross-track  incremental 
distance  allocations  for  correction  of  navigation  error  using 
surveillance.  The  figure  shows  an  aircraft  deviating  from  its  track, 
receiving  corrective  information,  and  returning  to  its  track.  The 
parameters  are  defined  as  follows: 

D1  ■  Cross-track  distance  travelled  by  the  aircraft  during  a 
surveillance  polling  period.  This  could  account  for  a 
deviation  from  track  beginning  after  a  surveillance  poll 
or  after  the  aircraft  enters  the  polling  table  (assumed  to 
be  the  last  entry  in  the  table). 

D2  ■  Cross-track  distance  traveled  during  the  controller  error 

recognition  and  correction  initiation  time  plus  controller- 
to-pilot  message  transmission  time  plus  pilot  action 
initiation  time. 

D3  ■  Cross-track  distance  travelled  by  the  aircraft  in  a 

coordinated  turn  towards  its  track  (i.e.,  the  cross  track 
distance  away  from  the  track  traveled  after  a  pilot 
initiates  a  corrective  turn). 

Let  t  ■  Time  between  surveillance  polls  (in  minutes),  associated  with 
s  ■  Speed  of  aircraft  (N  miles  per  minute) 

T1  *  Time  associated  with  Dl. 

T2  ■  Time  associated  with  D2. 

4  *  Assumed  bank  angle  of  aircraft  in  coordinated  turn. 

The  amount  of  aircraft  deviation  associated  with  D3  can  be  be 
determined  from  basic  geometry  and  the  physics  associated  with  the 
coordinated  turn.  Figure  C-2  shows  the  geometry  and  the  simple  force 
balance  physics. 

From  the  figures: 
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Lsin  <f> 


and  Mg  *  Leo a  $ 


Vigor*  C-ls  Modal  of  Surveillance  Correction  Proceae 


Figure  C-2:  Gaoeetry  of  Coordinated  Turn 


Solving  for  L  in  both  equations  and  equating  the  results  gives 


ms 

rsinij) 


cos<t> 


which  can  be  solved  for  r  to  give 


r  *  sVgtan<fi 


Also,  from  geometry 


but 


cos  0  ■  r/(r+x)  -+■  x  ■  r/cos  0  -r 


cos  0  ■  D3/x 

solving  for  D3  and  substituting  for  cos  «  x,  and  r  gives 


from  which  the 


D3  ■  s2(l  -  cos  0  )/gtan$ 
basic  equations  can  be  summarized  as: 


D1  -  (s)(Tl)sin0) 

D2  ■  (s) (T2) (sin0) 

D3  *  (s2) <  1  -  cos  0)/gtan$  •  .0527s2Cl  -  cos  0  )/tan<|> 


C.2.3  Relationship  Between  Surveillance  Separation  and  Lateral 
Track  Spacing 

The  Committee  considered  lateral  track  spacings  of  30  nmi  and 
agreed  that  automated  surveillance  would  be  required  to  support  such 
spacings  (except  for  one  30  nmi  option).  However,  a  minimum  was  not 
specified  nor  was  the  subject  of  surveillance  separation  addressed. 

Also,  certain  aspects  of  the  application  of  surveillance  in  oceanic 
airspace,  as  initially  envisioned  by  the  Committee,  have  no  clear 
precedent  in  at  least  the  U.S.  domestic  airspace.  In  U.S.  domestic 
airspace,  routes  are  established  with  a  minimum  spacing  of  8  nmi.  The 
radar  separation  minimum  (i.e.,  the  SS)  in  the  en  route  environment  is  3 
nmi.  There  is  no  direct  relationship  between  the  two  values,  that  is, 
each  was  established  independently  of  the  other. 

However,  a  key  factor  relating  SS  to  lateral  track  spacing  is  the 
position  update  rate  and  the  accuracy  of  radar.  (It  appears  that  there 
exists  no  exact  precedent  in  at  least  the  U.S.  domestic  system.  The  en 
route  update  interval  of  10  to  12  seconds  in  the  United  States  has  been 


C-4 


chosen  Co  adequately  support  the  5  nmi  radar  minimum.  In  purely 
operational  terms,  an  update  interval  is  adequate  if,  in  that  situation 
when  nominal  traffic  loadings  and  spacings  are  in  effect  and  a  worst 
case  deviation  suddenly  occurs,  the  system  (controller)  will  have 
sufficient  notice  to  evaluate  the  potential  problem,  determine  the 
action  required,  and  communicate  that  action  to  the  pilot  such  that  the 
pilot  can  execute  the  specified  action  prior  to  the  SS  being  compromised. 
In  lieu  of  the  guidance  given  in  the  area,  an  approach  that  appears  to 
be  logical  is  developed  And  analyzed  in  the  following  sections. 

C.2.4  Introduction  to  Surveillance  Evaluation 

Considering  the  potential  value  or  performance  of  dependent  sur¬ 
veillance  requires  that  various  parameters  related  to  the  operational 
system  environment  be  estimated  or  postulated.  These  include: 

0  Assumed  worst  case  (for  dependent  surveillance  evaluation 
purposes)  cross-track  blunder. 

•  Minimum  actual  aircraf t-to-aircraf t  spacing  (MAS),  not  to  be 
compromised. 

0  Surveillance  separation  (SS). 

•  Controller  detection/evaluation  of  off-course  deviation, 
formulation  and  transmission  of  corrective  action  message,  and 
pilot  reaction  times. 

•  Assumed  aircraft  maneuver  to  correct  off-course  deviation. 

•  Assumed  (non-blunder)  error  envelope  of  the  aircraft  navigation 
system  performance  capability. 

Assumed  Worst  Case  Cross-Track  Blunder.  This  parameter  is  defined 
as  a  nonplanned  or  noncoordinated  deviation  away  from  the  flight  planned 
track.  This  parameter  can  be  defined  as  either  the  angle  or  the  cross¬ 
track  speed  of  the  deviation.  The  blunder  case  assumed  for  analysis  was 
a  9.6  degree  angle  of  deviation,  which  corresponds  to  a  waypoint  inser¬ 
tion  error  at  OTS  latitudes,  and  equals  a  crosstrack  vetocity  of  80 
knots  for  an  assumed  aircraft  velocity  of  480  knots.  The  80  knot 
cross-track  error  is  equal  to  1.33  nmi  per  minute.  This  error  was  used 
in  the  evaluation  of  dependent  surveillance  for  the  30  nmi  track 
separation  case  presented  in  a  following  section. 

Minimum  Actual  Aircraf t-to-Aircraf t  Spacing  (MAS).  As  defined 
earlier,  the  MAS  is  the  final  protection  buffer  against  system  blunders, 
and  its  value  is  largely  subjective.  The  value  chosen  for  MAS  is  4  nmi, 
which  was  derived  in  reference  to  the  U.S.  en  route  radar  minimum  of  5 
nmi.  While  errors  within  the  U.S.  system  of  approximately  2  miles  are 
considered  possible  for  a  given  target's  displayed  position  versus  the 
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aircraft's  actual  position,  the  relative  distance  between  two  proximate 
targets  at  or  near  the  same  altitude  has  considerably  less  4rror. 
Assuming  a  relative  error  of  1  mile  or  less  (i.e.,  the  MSE  is  1  nmi), 
the  remaining  4  miles  can  be  regarded  as  the  MAS.  Although  this  value 
of  MAS  was  derived  with  reference  to  a  specific  radar  separation,  this 
value  can  be  regarded  as  being  totally  system  independent. 

Surveillance  Separation  (SS).  Within  the  dependent  surveillance 
options  being  considered,  the  MSE  is  assumed  to  be,  for  analysis  pur¬ 
poses,  twice  the  3  sigma  error  of  the  particular  MNPS  system  that  is 
specified.  (The  3  sigma  error  is  applicable  to  one  aircraft;  therefore, 
when  the  spacing  between  a  pair  of  aircraft  is  considered,  the  potential 
errors  of  both  aircraft  must  be  included.)  Following  is  the  developed 
value  for  SS: 

30  nmi  track  spacing; 

(for  MNPS(l),  3  sigma  equals  9  nmi) 

SS  -  MSE  +  MAS 
SS  -  2  (3  sigma)  +  MAS 
SS  ■  2  (9)  ♦  4 
SS  -  22  nmi 

(For  MNPS  (1)  the  1  sigma  value  selected  was  3  nmi.  Note,  if  the 
errors  are  independent,  3  sigma  relative  error  protection  is 
provided  by  SS  ■  /2(3  sigma)  +  MAS.) 

Controller  Detection/Pilot  Reaction  Time  Lapse.  Determining  an 
adequate  update  interval  requires  that  the  total  time  lapse  between  that 
point  in  time  when  a  deviation  first  becomes  potentially  detectable  by 
the  controller  and  that  point  in  time  when  the  pilot  reacts  to  the 
corrective  action  direction  be  taken  into  account.  This  total  time  has 
four  component  activity  elements;  the  assumed  associated  time 
allocations  are  as  follows: 


1. 

Controller  detection/ recognition  of  the 
deviation  event 

30 

seconds 

2. 

Controller  decision  on  remedial 
action  and  initiation  of  appropriate 
message  to  aircraft 

30 

seconds 

3. 

Communication  channel 
acquisition/transmission  time 

15 

seconds 

4. 

Pilot  receipt/assimilation  of  the 
message  and  initiation  of  directed 

action 

15 

seconds 

Total 


90  seconds 
(i.e. ,  1.5  min) . 


However,  if  an  automatic  system  monitors  and  detects  deviations  beyond 
some  threshold,  the  time  allocation  for  Component  1  may  be  significantly 
less. 


Assumed  Aircraft  Maneuver  to  Correct  Off-Course  Deviation.  A  10 
degree  bank  and  associated  coordinated  turn  maneuver  was  assumed  for 
this  parameter.  Pilots  stated  at  informal  meetings  during  the 
Williamsburg  Committee  Meeting  that  such  a  maneuver  would  hardly  be 
nbticdd  by  the  pasdengetS  And  would  be  very  smooth.  The  ernes-  track 
distance  traveled  by  an  aircraft  after  initiating  the  coordinated  turn 
was  shown  to  be  equal  to: 


2 

D3  “  s  (1  -  cos  0  ) /gtan  <$> 

assuming  s  ■  480  knots,  0  *  9.6  degrees,  and  $  *  10  degrees,  D3  *  .27 
nmi. 


C.2.5  Quantitative  Evaluation  of  Dependent  Surveillance  Function 

For  this  analysis,  a  worst  case  situation  between  two  aircraft  is 
defined  as  follows:  The  two  aircraft  are  directly  across  from  each 
other  on  adjacent  tracks  at  the  same  altitude,  and  one  aircraft  starts 
to  deviate  from  the  track  at  the  assumed  maximum  blunder  angle  of  9.6 
degrees  (i.e.,  a  cross-track  speed  of  80  knots,  or  at  a  1.33  nmi  per 
minute  rate).  The  following  analysis  refers  to  the  cross-track  dis¬ 
tances  Dl,  D2,  and  D3  (defined  and  discussed  earlier)  that  are  associ¬ 
ated  with  the  cross-track  error  growth  beginning  with  the  start  of 
deviation  and  continuing  through  to  the  point  of  maximum  deviation. 

The  surveillance  reaction  distance  (SRD)  is  the  maximum  allowable 
cross-track  distance  that  an  aircraft  can  be  allowed  to  fly  during  the 
blunder  detection  and  corrective  action  time  period  so  that  the  minimum 
separation  will  not  be  compromised.  Thus, 

SRD  ■  Track  spacing  -  2  (3  sigma  nav.  error)  -  MAS,  or 

SRD  ■  Track  spacing  -  SS,  and 

SRD  2  Dl  +  D2  +  D3 

Figure  C-3  presents  the  basic  geometry  of  the  surveillance 
function.  Following  is  a  sample  calculation  carried  out  for  the  30  nmi 
case. 

Example:  30  nmi,  1  minute  Update  Rate,  and  3  nmi  (1  sigma) 

SRD  -  30  -  2  (3)  (3)  -  4 
-  30  -  18  -  4 
■  8  nmi 
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sic  Surveillance  Function  Geometry 


D1  ■  1.33  mile 

D2  ■  2.0  miles 

D3  *>  .27  miles 
Total  ■  3.6  nmi 

SRD  >  Dl  +  D2  +  D3  by  4.4  nmi,  which  corresponds  to  a  margin  of  3.3 
minutes  and,  at  an  update  rate  of  1  minute,  a  margin  of  3  surveillance 
updates.  Figure  C-4  shows  a  graphic  view  of  the  example  presented. 

Conclusion 

As  the  calculation  reveals,  the  dependent  surveillance  function 
with  an  update  interval  of  1  minute  appears  to  be  adequate  to  support  a 
track  spacing  of  30  nmi,  assuming  the  range  of  parameter  values  selected 
for  the  analysis.  Although  threshold  limits  have  not  been  examined, 
there  appears  to  be  considerable  margin  to  include  such  a  limit  in  a 
satisfactory  manner.  Such  aspects  as  the  typfe  and  degree  of  undetected 
errors,  and  the  level  of  navigational  performance  that  can  be  met  under 
an  improved  MNPS  will  impact  the  dependent  surveillance  function.  In 
summary,  the  functional  aspects  and  benefits  of  dependent  surveillance 
will  need  to  be  more  closely  examined  prior  to  any  implementation. 

C.3  Communications  Requirements 

The  communications  data  flow  requirements  to  aupport  automatic 
dependent  surveillance  and  other  ATS  functions  were  developed  by  WGB  and 
reported  in  its  report  to  the  Committee  (Ref.  1,  ARC  80/WP-17).  These 
requirements  forked  the  basis  of  both  HF  and  satellite  data  link  design 
concepts.  The  key  features  of  these  requirements  were  stated  to  be: 

1.  The  system  is  to  support  separation  standards  of  30  miles 
lateral,  5  minutes  longitudinal,  and  2000  ft  vertical. 

(Note:  A  previous  requirement  to  support  15  miles/ 2 
minutes/2000  ft  separation  standards  without  a  form  of 
independent  surveillance  was  deleted  by  the  ARC.) 

2.  It  shall  provide  the  means  of  direct  pilot-controller 
communications  incorporating  sufficient  information  to  satisfy 
an  automatic  dependent  surveillance  function. 

3.  The  dependent  surveillance  function  will  be  satisfied  by  the 
derivation  on  board,  and  transmission  air-to-ground,  of 
aircraft  position,  (lat.,  long,  and  altitude). 

4.  The  system  shall  also  provide  the  means  of  exchanging 
communications  for: 

1)  Altitude  clearance  request  and  acknowledgement. 

2)  Re-route  clearance  request  and  acknowledgement. 

3)  Met.  Reports. 
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Figure  C-4:  Geometry  of  Surveillance  Function 
For  Sample  Calculation  Presented 


4)  Waypoint  verification. 

5)  Other  miscellaneous  messages,  including  request  for 
voice  channel  and  abnormal  operations  alerting. 

5.  In  addition  the  system  shall  be  capable  of  exchanging  special 
messages  required  during  times  when  aircraft  may  be  in  close 
proximity,  embracing: 

-  Request  and  receipt  of  position  up-date  with  associated 
kinematic  data. 

6.  The  information  contents  of  the  above  communications  are 
described  in  Tables  C-l  through  C-5. 

7.  The  system  shall  cater  for  a  peak  instantaneous  airborne  count 
of  223  aircraft  (representing  year  2005)  over  the  area 
embraced  by  the  following  FIRs:'  Gander,  Shanwick,  New  York, 
Santa  Maria,  Reykjavik,  San  Juan  (NAT)  and  Miami  (NAT). 

8.  A  polling  system  shall  be  used  such  that  the  normal  interval 
between  polls  will  be  5  mins,  but  during  those  periods  in 
which  aircraft  are  in  proximity  the  polling  rate  may  be  30 
secs  or  1  rain  or  2  mins,  for  only  those  aircraft  in  proximity. 

9.  Communications  control  of  the  system  shall  be  shared  between 
at  least  two  ground  stations  to  insure  redundancy. 

10.  Provision  shall  also  be  made  for  the  system  to  provide  voice 
communications  for  emergencies  and  those  types  of 
communication  which  cannot  be  handled  by  the  data  system. 

The  estimated  data  flows  that  might  be  required  to  support  a 
dependent  surveillance  function  (ref.  2)  are  summarized  below.  The  data 
flows  are  computed  as  a  function  of  peak  traffic  (and  proximate 
aircraft)  counts,  usable  sampling  frequencies  calculated  earlier,  and 
the  information  contained  in  the  messages  transmitted  within  the 
closed-loop  model. 

Estimates  for  the  communication  system  loading  are  based  on 
forecasts  of  air  traffic  patterns  in  the  year  2005.  These  forecasts 
were  developed  as  part  of  the  overall  OASIS  program  effort  (see  ref. 

3).  The  maximum  instantaneous  aircraft  count,  aircraft  proximity  count, 
and  frequency  of  flights  entering  the  system  are  based  on  results 
obtained  from  simulation  runs  of  the  Flight  Cost  Model  (FCM)  for  the 
North  Atlantic  region  (NAT)  (see  ref.  4). 

The  traffic  levels  applicable  to  evaluation  of  the  surveillance 
function  in  the  NAT  are  based  on  a  simulation  of  a  30  nmi  lateral  track 
spacing  scenario.  The  instantaneous  aircraft  count  peaks  at  slightly 
more  than  200  aircraft.  Some  variation  exists  in  the  peak  based  on  the 
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TYPICAL  DATA  LINK  MESSAGE  COMPONENTS  AND  BIT  LENGTHS 
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exact  definition  of  oceanic  airspace.  A  peak  of  229  occurs  based 
strictly  on  FIR  boundary  definitions,  210  or  so  based  on  HF  territory 
occupancy. 

Aircraft  proximity  counts  are  based  on  a  5-minute  nominal  Mach 
number  technique  longitudinal  separation  in  the  30  nmi  FCM  simulation. 
Including  all  aircraft  on  adjacent  OTS  tracks  at  the  same  flight  level 
within  25  nmi  longitudinally,  approximately  37  aircraft  are  found  to  be 
in  proximity  at  peak  loading.  Adding  an  additional  factor  of  90  percent 
for  non-OTS  flights,  a  total  of  70  aircraft  are  estimated  to  be  in 
proximity.  (Note:  Including  all  aircraft  within  this  proximity  plus 
all  aircraft  pairs  within  50  nmi  of  each  other  on  the  same  track  could 
bring  this  number  up  to  116  aircraft.) 

New  aircraft  entering  the  system  are  estimated  by  summing  peak 
hourly  entries  in  the  Shanwick  and  San  Juan  FIRs,  since  most  aircraft  go 
through  these  FIRs.  Peak  is  about  60  aircraft  per  hour,  or  about  one 
each  minute. 

Sampling  Nonproximate  Aircraft.  A  nominal  surveillance  update  rate 
is  to  be  chosen  for  nonproximate  aircraft.  It  is  estimated  that  a 
sampling  rate  of  once  per  5  minutes  is  sufficient  to  satisfy  this 
parameter. 

Information  flow  is  based  on  binary  representations  of  data  or 
characters  that  might  be  transmitted  between  an  aircraft  and  a  ground 
station.  Table  C-l  shows  the  lengths,  in  terms  of  number  of  bits 
required,  of  parameters  that  are  commonly  used  for  oceanic 
communication.  It  is  assumed  that  data  are  transmitted  without  the  use 
of  any  special  conventions  that  might  be  applied  to  reduce  flow  rates. 
For  example,  data  on  time  are  presumed  to  be  sent  as  a  full  word,  and 
data  on  position  as  two  complete  words  giving  latitude  and  longitude, 
even  though  conventions  could  be  used  to  avoid  transmitting  complete 
words  for  every  item  in  every  report  or  update.  Tables  C-2,  C-3,  04, 
and  05  present  the  type,  data  content  and  frequency  of  occurrence  of 
commonly  used  reports. 

Tables  06  and  07  show  type,  frequency,  and  bit  requirements  for 
routine  reporting.  Note  that  position  reporting  requirements  are  based 
on  instantaneous  aircraft  count  and  nominal  position  information  sample 
rate.  Other  requiements  are  based  on  number  of  entries  into  the  system 
each  minute. 

Table  08  presents  requirements  for  special  high  rate  reporting 
appropriate  to  the  approximate  70  aircraft  affected.  Frequencies  are 
based  on  proximate  aircraft  count  and  are  shown  for  update  intervals  of 
1.0  and  0.5  minutes.  The  required  information  flow  rates  in  both 
ground-to-aircraf t  and  aircraft-to-ground  direction  and  for  the  two 
polling  rates  assumed  are  summarized  in  Table  09. 
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ROUTINE  REPORTS:  DOWN  LINK  REQUIREMENTS  (5  MINUTE  POLLING  INTERVAL) 


Routine  Downlink  Requirements :  84  bps 


sra  uv«  viva 


Table  C-9 


Compos ice 

Uplink 

Downlink 

Required 

Uplink 

Downlink 


SUMMARY  OF  REQUIRED  DATA  FLOW  RATES 


Rates  (Routine  +  Special  for  Proximity): 


1  min/poll 

45  ♦  20  ■  65  bps 
84  +  98  -  182  bps 


0«5  tniti/poll 

45  +  40  -  85  bps 

84  +  220  ■  304  bps 


Information  Data  Rates  with  1002  Overhead  for  Protocols: 


1  min/poll 


0.5  min/poll 


130  bps 
365  bps 


170  bps 
610  bps 
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C.4  Estimates  of  Frequency  of  Warning  with  Airborne  Separation 

Assurance  Device  and  Surveillance 

A  careful  analysis  of  intervention  rate  and  alarm  rate  for  an 
airborne  separation  assurance  device  or  surveillance  systems  requires 
probabilistic  models  defining  aircraft  velocity  error  distributions.  It 
also  requires  models  of  the  types  of  proximities  that  would  occur 
between  aircraft  in  a  nominal  errorless  environment.  Such  an  analysis 
is  beyond  the  scope  of  this  effort.  To  obtain  a  first  estimate  on  how 
such  requirements  may  be  drawn  up  a  highly  simplified  and  approximate 
methodology  based  on  collision  risk  documentation  (ref.  6)  has  been 
developed.  The  methodology  simply  estimates  the  order  of  magnitude  of 
alarms  that  might  result  from  a  given  system  and  establishes 
sensitivities  of  these  parameters  to  characteristics  of  the  operating 
environment.  The  results  will  only  be  used  to  indicate  the  value  and 
direction  of  further  development  in  this  area. 

C.4.1  Estimates  of  Frequency  of  Collision  Warnings  Likely  to  Occur 
with  an  Airborne  Separation  Assurance  Device 

To  reduce  the  risk  of  collision  between  aircraft,  airborne 
separation  assurance  devices  may  be  installed.  These  devices  measure 
the  radial  distance  between  two  approaching  aircraft,  r,  and  the  rate  of 
approach,  r.  The  devices  are  typically  set  to  trigger  when  the  time 
before  collision,  t,  is  less  than  20  sec,  i.e.,: 

T  "  f  •  "f§5T  hr*  '  (1) 

An  adaptation  of  the  basic  collision  risk  model  is  employed  in  this 
section  in  an  effort  to  estimate  the  frequency  with  which  a  tactical 
collision  avoidance  system  might  generate  alarms  to  resolve  potential 
collisions.  The  basic  collision  risk  model  provides  an  estimate  of  the 
frequency  with  which  the  actual  separation  between  a  pair  of  aircraft  is 
reduced  such  that  the  box  size  dimensions  assumed  for  the  typical 
aircraft  overlap,  for  a  planned  lateral  separation  between  aircraft  of  S 
nmi.  In  the  adaptation  of  the  model  in  this  section,  a  rough 
approximation  of  the  frequency  of  collision-avoidance  alarm  is  made  by 
estimating  the  frequency  with  which  the  actual  separation  of  a  pair  of 
aircraft  becomes  less  than  the  dimensions  of  a  box,  the  sides  of  which 
are  determined  from  the  parameter,  r  ,  and  present  NAT  estimates  of  the 
average  relative  speeds  in  each  dimension,  as  a  pair  of  aircraft  are  in 
the  process  of  losing  a  planned  lateral  separation,  S. 

Ref.  2  analyzes  the  MNPS  in  the  NAT.  The  double-double  exponential 
function  (Eq.  14,  ref.  7)  is  used  here  to  characterize  the  distribution 
of  lateral  deviation  from  course.  The  parameters  of  the  function  for 
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0.2  accidents  for  10^  flying  hours  are  determined  for  60  rani  sepa¬ 
rations.  The  results  are  given  in  Table  C-10  for  a  sample  case.  Using 
these  values,  the  overlap  integral  (Eq.  17.  ref.  6)  may  be  calculated 
for  other  values  of  track  separation  S. 

Proximity  Limits.  The  rectangular  box  surrounding  an  aircraft  for 
alarm  triggering  is  different  from  that  simulated  in  the  calculation  of 
collision  risk.  Assuming  two  aircraft  are  on  a  head-on  collision  course 
along  a  track,  the  warning  distance  Ax(opp)  along  the  x  axis  is  simply 


Ax(°PP>  j 

- 5 —  x  "mr  T 

|x(opp)|  • 

where  Ax(opp)  is  the  average  relative  along-track  speed  of  two 
aircraft  flying  in  the  opposite  direction  at  the  same  flight  level. 
Simplifying,  we  have 


(2a) 


or 


Similarly  we  have 


Xx(opp)  ■  2  [x(opp)|  t 

1*<°PP>1  .  _k 

Ax(opp)  2t 

X^Csame)  “  2|x(same)|r 
*y  "  2|y|r 

Az  -  2|«|t 


(2b) 

(2c) 


(3) 


Using  the  values  for  velocities  given  in  ref.  6  and  t  of  20  sec,  the 
values  of  Xa  are: 


Ax(opp)  ■  10.67  rani 
Ax(same)  ■  0.14  rani 

X  “0.52  rani 

y 

X  ■  .011  rani 

z 

We  note  that  Ay  is  much  smaller  when  compared  with  S,  the  separation 
between  tracks.  Thus,  Eq  2  of  Ref.  6  is  still  valid,  i.e.: 

P  (S)  -  2A  C(S)  (4) 

y  y 
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Table  C-10 


1 


c 


i 

I 


DETERMINATION  OF  LAMDA  1,  LAMDA  2  AND  ALPHA 
WHICH  SATISFY  C(I)  AND  YIELD  THE  LOWEST  ETA 


S  C(I)  -  0.000006452800000 

SEPARATION  STANDARD  -  60.  N.M. 

LAMDA  1  (N.M.) 


LAMDA  2 

1. 

2.  3. 

4.  5. 

29.  ALPHA  - 

0.0014802 

0.0014749  0.0014653 

0.C013850  0.0005488 

ETA  - 

0.0005261 

0.0005245  0.0005661 

0.0010446  0.0026725 

r  '  • 

V  . 

30.  ALPHA  - 

0.0014293 

0.0014246  0.0014158 

0.0013390  0.0005310 

• 

ETA  - 

0.0005258 

0.0005244  0.0005662 

0.0010449  0.0026728 

l- 

31.  ALPHA  - 

0.0013848 

0.0013805  0.0013725 

0.0012987  0.0005153 

r  - 

ETA  - 

0.0005261 

0.0005248  0.0005668"0. 0010458  0.0026733 

* 

•  . 

P 
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where 


c(s)  "  /.*>«•  "  y)dy  (5) 

and  f(y)  is  Che  double-double  exponential  functioh  mentioned  earlier. 

Frequency  of  Warning.  Ref.  7  gives  the  ddri^ation  of  the  collision 
risk  formula.  The  same  derivation  applies  here.  Lit  Ng  denote  the 
average  number  of  times  that  an  aircraft  comes  within  loh&ittniindl 
pfOklftity  Bverldp*  The  relative  distance  covered  during  a  longitudinal 
proximity  warning  overlap  is  Xx  since  departing  aircraft  are  not  in  a 
proximity  warning  situation.  Therefore,  Eq.  2.1,  Ref.  7,  becomes 


N 

x 


(6) 


where  Px  is  the  probability  of  longitudinal  overlap,  tx  is  the 
average  duration  of  a  longitudinal  overlap,  and  |x|  is  the  average  of 
the  absolute  values  of  the  relative  longitudinal  speed.  Similar 
equations  can  be  given  for  Ny  and  Nz.  Denoting  the  number  of 
proximity  warnings  per  day  as  Hay,  we  have  using  Eq.  1  of  Ref.  6' 


N 


N,P  (S  )P  (0) 

f  y  y  z 


ay 


f 


same  or 
opposite 


yxfM  +  M  +  1A) 

X  Ay  V 


(7) 


Ey(opp) 


x(opp)| 


Ey(same) 


|x(same) j 


where 


N£  “  number  of  flying  hours  per  day 

Py(Sy)  *  probability  of  lateral  overlap  of  aircraft 

nominally  flying  on  laterally  adjacent  paths 


Sy  ■  the  lateral  separation  standard 

Sx  ■  parameter  used  in  calculation  of  the  E*  values 

Ey(same)  "  the  average  number  of  same-direction  aircraft 
flying  in  laterally  adjacent  tracks  at  the 
same  flight  level  within  segments  of  length 
2S  centered  on  the  typical  aircraft 


Ey(opp) 


*  the  average  number  of  opposite  direction 
aircraft  flying  on  adjacent  tracks  at  the 
same  flight  level  within  segments  of  length 
2S  centered  on  the  typical  aircraft 
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probability  of  vertical  overlap  of  aircraft 
nominally  flying  at  the  same  flight  level. 


Pz(0) 


Using  Eq.  2,  Eq.  7  becomes 


12N.t|y|c(S  )P  (0) 

_ ± _ _ _ _ y _ * _ 


ay 


(8) 


A 

|fiy(opp)  |x(opp)  |  ♦  E  ^saroe)  |x(same)  |J 


where  C(SV)  is  given  by  Eq.  5. 


Numerical  Values.  In  the  determination  of  the  numerical  values  of 
Nf ,  the  values  of  the  parameters  given  in  ref.  2  are  used.  These  are 
values  used  by  NAT  SPG  for  the  traffic  in  1973.  They  Are  given  as 
follows: 


Sx  "  120  nai 

Ey(opp)  *  0.013 

Ey(same)  *  0.5 

Nf  «  2000  hr 

Pz(0)  «  0.25 

|y*|  •  47  knots 

|  z |  ■  1  knot 

|x(opp) |  ■  960  knots 

jx(same) |  ■  13  knots 


C(Sy)s  was  determined  for  different  values  of  Sy  using  Eq.  17  of 
ref.  6,  with  one  set  of  parameters  that  might  have  satisfied  some  NAT 
conditions.  Section  4  contains  the  results  plotted  for  this  and  several 
other  reasonable  sets  of  parameters,  including  those  used  in  fixing  NAT 
collision  risk  bounds.  » 


C.4.2  Estimates  of  Frequency  of  Warnings  for  a  Surveillance 
System 

Very  rough  estimates  of  interventions  that  might  occur  with  a 
surveillance  system  have  been  made  using  the  same  principles  as  those 
discussed  in  Section  C.4.1.  The  difference  between  the  surveillance  and 
airborne  separation  assurance  device  calculations  involve  the  proximate 


distances  at  which  an  alert  will  occur.  A  case  was  calculated  with 
\x  -  6  nrai,  Xy  •  6  nmi,  and  X2  “  1000  feet  and  a  case  for  Xx  ■ 

3  nmi.  This  was  chosen  to  represent  an  alert  any  time  two  aircraft  came 
within  12  or  6  nmi  laterally,  6  nmi  longitudinally,  and  2000  feet 
vertically. 

Table  C-ll  and  C-12  show  the  frequency  of  intervention  estimated 
for  three  sets  of  navigation  error  assumptions  consistent  with  several 
assumptions  that  could  be  made  with  the  current  NAT  MNPS  parameters,  the 
observed  MNPS  parameters  used  for  collision  risk  bounds,  and  another  set 
consistent  with  the  bounds. 
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Table  C-ll 


number  of  warnings  for 

X  ■  6  nmi,  A  ■  6  nmi,  X  •  1000  ft 
x  y  z 


ALPHA 


ALPHA 


ALPHA 


0. 001  AM 

LAMDA 

I  ■  *. 000000 

LAMDA  2  • 

30.000000 

SEPARATION 

NUMBER  OP  ALARMS 

FREQUENCY  OP 

OISTANCE(NM) 

PER  DAY 

ALARMS! ONCE  IN) 

60. 

0.000960 

tOO. 320000 

DAYS 

59. 

0.013910 

71 .090566 

DAYS 

40. 

O.OI94t9 

51 .496000 

DAYS 

30. 

0.020029 

35.677456 

Days 

to. 

0.133955 

7. 465 KOI 

DAYS 

t». 

0.949051 

t. 052796 

DAYS 

to. 

7.036920 

O.t 27601 

DAYO 

0.000070 

LAMOA 

t  ■  4.450000 

LAMDA  2  9 

52.399990 

SEPARATION 

NUMBER  OP  ALARMS 

FREQUENCY  OP 

DISTANCE(NM) 

PER  DAY 

AUMtHSIOhCE  IN) 

60. 

0. 009900 

106.320900 

DAYS 

50. 

0.023930 

4I.7O09O6 

DAYS 

40. 

0.120030 

0.330667 

OAYS 

30. 

0.006500 

1 .239 925 

DAYS 

to. 

5.335203 

0.t0743t 

DAYS 

15. 

t3. 031020 

0.076740 

DAYS 

10. 

29.755127 

0.033600 

DAYS 

0.001060 

LAMDA 

t  ■  2.067000 

LAHDA  2  ■ 

52.399990 

SEPARATION 

NUMBER  OP  ALARMS 

FREQUENCY  OF 

DISTANCE (NM) 

PER  DAY 

ALARMS  (ONCE 

IN) 

69. 

0.009960 

106.320000 

DAYS 

50. 

0. 0t2t27 

02.463120 

DAYS 

40. 

0.916349 

6t. 1646 30 

DAYS 

30. 

0.061656 

16.219005 

DAYS 

to. 

t. 022022 

0.977607 

DAYS 

15. 

4.499320 

0.222255 

DAYS 

to. 

tO. 463261 

0. 054162 

DAYS 
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Table  C-12 


NUMBER  OF  WARNINGS  FOR 

X  -  6  nmi,  X  -  3  nmi,  X  -  1000  ft 
x  y  z 


ALPHA  ■  0.001425 

SEPARATION 
distance;  NMI 
AO. 

50. 

40. 

30. 

20. 

15. 

10. 


ALPHA  >  0.000870 

SEPARATION 
DISTANCE (NMI 
60. 

50. 

40. 

30. 

20. 

IS. 

10. 


ALPHA  «  0.001060 

SEPARATION 

OXSTANCE(NMI 

60. 

SO. 

40. 

30. 

20. 

15. 

10. 


LAMDA  I  ■  2.000000 

NUMBER  OF  ALARMS 
PER  DAT 
0.006929 
0.009669 
0.013498 
0.019483 
0.093112 
0.660243 
5.447461 


LAMDA  I  «  4.450000 

NUMBER  OF  ALARMS 
PER  OAT 
0.006929 
0.016634 
0.083439 
0.560600 
3.708563 
9.057882 
20.682834 


LAMDA  1  >  2.867000 

NUMBER  OF  ALARMS 
PER  OAT 
0.006929 
0.008429 
0.011364 
0.042857 
0.710965 
3.127489 
12.833841 


LAMDA  2  >  30.000000 


FREQUENCY  OF 


Itf 

8 

1 

INI  . 

144.324*39 

OAYS 

103.424553 

OAYS 

74.084255 

OAYS 

51.326970 

OAYS 

10.739699 

OAYS 

1 .514594 

DAYS 

0.183572 

OAYS 

LAMDA  2  > 

52.399990 

FREQUENCY  OF 

ALARMS! ONCE 

INI 

144.324239 

OAYS 

60.119254 

OAYS 

11.984820 

OAYS 

(.783804 

DAYS 

0.269646 

DAYS 

0.110401 

OAYS 

0.048349 

OAYS 

LAMDA  2  a 

52.399990 

FREQUENCY  OF 

ALARMS! ONCE 

INI 

144.324239 

OAYS 

118.634651 

OAYS 

87.993818 

OAYS 

23.333404 

OAYS 

1 .406539 

OAYS 

0.319745 

DAYS 

0.077019 

OAYS 

Appendix  D 

NAT  USER  FLIGHT  COSTS  SUPPORT  DATA 


D»  1  Introduction 

The  following  paragraphs  describe  the  procedures  used  to  estimate 
annual  user  flight  costs  for  operating  scenarios  not  simulated  by  the 
FCM.  These  scenarios  represent  potential  sets  of  changes  in  separation 
standards  as  follows:  (1)  60  nmi  lateral/  5  min  longitudinal /2000  ft 
vertical;  (2)  60  nmi/2  min/2000  ft;  (3)  30  nmi/2  min/2000  ft;  (4)  15 
nmi/10  min/2000  ft;  (5)  15  nmi/  5  min/2000  ft;  (6)  15  nmi/2  min/2000  ft; 
(7)  60-30  composite/10  min/2000  ft. 

D.2  Derivation  of  Daily  Costs 

Except  where  noted,  the  figures  below  represent  total  daily  flight 
costs  for  the  July  sample  day  in  the  indicated  years.  The  breakdown  of 
total  costs  into  fuel  and  crew-and -maintenance  components  was  based  on 
analysis  of  FCM  results  that  showed  minimal  changes  in  crew  and 
maintenance  costs  among  different  2000  ft  vertical  separation  cases. 

The  procedures  used  to  convert  July  daily  costs  into  annual  costs  are 
explained  in  Section  D.3  below.  In  all  cases  below  the  costs  are 


displayed  for  three  years: 

1979 

1984 

2005 

D.2.1  60/5/2000  Case 

Estimation  of  costs  for  6t)/5/2000 

involved  an  interpolation  of 

costs  from  the  FCM  scenario  60/10/2000, 

Planned 

COSt8 

for  60/x/2000 

were  (US  i  000) 

11,106 

13, 

836 

29,569 

Actual  costs  for  60/15/2000  were 

11,150 

13, 

893 

29,768 

for  a  cost  over  planned  (COP)  of 

44 

57 

199 

Actual  costs  for  60/10/2000  were 

11,136 

13, 

878 

19,734 

for  a  COP  of 

30 

42 

165 

The  decrease  in  COP:  (60/15  to  60/10) 

32% 

26% 

17% 

One  alternative  is  to  extrapolate 

using  the 

above 

analysis 

i. 

Another  is  as  follows: 

30/x/2000  planned  costs 

11,094 

13 

,824 

29,541 

30/10/2000  actual  costs  were 

11,120 

13 

,860 

29,682 

for  a  COP  of 

26 

36 

141 

30/5/2000  actual  costs  were 

11,111 

13 

,849 

29,653 

for  a  COP  of 

17 

25 

112 

The  decrease  in  COP  (30/10  to  30/5) 

35% 

31% 

21% 

D-l 


The  decrease  from  30/10  Co  30/5  was  presumed  more  appropriate  Co 
estimation  of  60/5  from  60/10  because  it  is  a  bettet  indication  of  the 
effects  of  halving  longitudinal  separation.  Reducing  60/10/2000  COP  by 
the  30/10  to  30/5  percentage  decrease  results  in 

estimated  60/5/2000  costs  of  11,126  13,865  19,699 

11,126  13,865  19,699 

D.2.2  60/2/2000  Case 

As  further  reductions  in  separation  minima  are  introduced,  savings 
decrease  in  size,  as  was  demonstrated  by  the  figures  above.  Therefore, 
the  actual  costs  have  a  lower  limit,  equal  to  the  planned  costs  plus  the 
cos 1 8  of  maintaining  some  nominal  longitudinal  separation.  The  nominal 
longitudinal  separation  indicated  here  is  actually  the  Mach  number 
technique  separation,  and  non-Mach  number  aircraft  must  use  some  larger 
separation.  At  assumed  levels  of  traffic,  then,  there  will  always  be 
some  congestion  penalty  above  planned  costs. 

To  derive  the  60/2/2000  costs,  assume  that  the  proportion  of 
savings  to  COP  is  equal  to  the  average  of  the  comparable  savings 
previously  calculated  for  5  min  longitudinal  minimum  reductions. 


15  to  10  min  (from  60  nmi) 

32Z 

26Z 

17Z 

10  to  5  min  (from  30  nmi) 

35Z 

31Z 

21Z 

5  to  2  min  (herewith  proposed) 

33Z 

28Z 

19Z 

Application  of  the  above  savings  proportion  to  the  60/5/2000  costs 
results  in  estimated  costs  for  the  60/2/2000  case  of 

11,119  13,857  19,674 

D. 2.3  30/2/2000  Case 

Using  the  proportions  derived  for  60/2/2000  and  applying  them  to 
30/5/2000,  the  edtimited  costs  for  30/2/2000  are 

11,105  13,842  29,632 

In  these  cases  the  planned  costs  are  by  method  and  by  definition  a 
lower  bound  to  actual  costs.  In  application,  the  lower  bound  is 
somewhat  greater  than  the  planned  costs. 

D.2.4  15/10/2000  Case 

The  above  cases  involved  extrapolation  on  longitudinal  separation. 
The  next  three  scenarios  will  be  based  on  lateral  separation 
extrapolation.  Just  as  planned  costs  act  as  a  base  and  lower  bound  for 
actual  costs,  ideal  flight  costs  serve  as  a  base  and  lower  bound  to 
planned  costs. 
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Ideal  costs  (from  the  FCM)  were 


i 

11,002 

13,702 

29,327 

Planned  costs  for  the  60/x/2000 

case,  again,  were 

11,106 

13,836 

28,569 

for  a  cost  over  ideal  (COI)  of 

104 

134 

242 

30/x/2000  plartned  colts  wire 

11,094 

13,824 

29,541 

for  a  COI  of 

92 

122' 

214 

The  decrease  in  COI  (60/x  to  30/x) 

122 

92 

122 

If  the  lateral  separation,  is  halved  again,  no 

more  proportional 

savings  in  the  30  to  15  nmi  decrease 

than  in  the  60 

to  30  nmi  decrease. 

Using  the  above  proportions,  planned 

costs  for  15/x/2000  are  estimated 

to  be 

11,083 

13,813 

29,515 

Now  a  cost  of  congestion  must  be  estimated.  The  cost  of 

congestion,  or  COP,  for  60/10/2000  was 

30 

42 

165 

and  COP  for  30/10/2000 

26 

36 

141 

Assuming  a  similar  reduction  in 

congestion  costs,  the  COP 

for 

15/10/2000  is 

22 

30 

117 

and  total  costs  of 

11,105 

43,843 

29,632 

D.2.5  15/5/2000  Case 

Using  the  savings  proportions  of  30/10  to  30/5 

on  the  15/10  case, 

the  proportions  being 

352 

312 

212 

the  15/5/2000  COP  is 

14 

21 

91 

and  the  estimates  for  total  costs  of 

the  15/5/2000  are 

11,097 

13,834 

29,607 

D. 2.6  15/2/2000  Case 

In  this  case  the  savings  proportions  derived  for  30/5  to 

30/2  are  appropriate: 

282 

192 

for  a  15/2/2000  COP  of 

9 

13 

69 

and  total  costs  of 

11,092 

13,828 

29,589 

D.2.7  60-30  composite/10/2000  Case 

The  costs  for  this  scenario  are 

assumed  to  be  equal  to  the 

non-OTS 

costs  for  the  60/10/2000  case,  plus  the  OTS  costs  for  the  30/10/2000 
case  incremented  by  the  percentage  difference  in  OTS  costs  between  the 
60/15/2000  and  the  120-60  composite/15/2000  cases. 
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In  this  derivation,  costs  are  broken  down  into  fuel  and 
crew-and-mantenance  (C&M)  costs  as  follows: 

Fuel/C&M  Fuel /C&M  Fuel /C&M 

for  the  standard  indicated  years  of  1979,  1984,  and  2005. 

OTS  costs  for 

50/10/2000  are  4174/2302  5219/2699  10,263/4948 

60/15/2000  are  4191/2305  5247/2711  10,320/4964 

120-60/15/2000  ar«  4195/2304  5253/2711  10,340/4967 

The  percentage  increase  in  OTS  fuel  costs  from  60/15/2000  to 
120-60/15/2000  is: 

0.095%/-  0.114%/-  0.193%/- 

Applying  these  increments  to  fuel  costs  for  30/10/2000  (C&M  changes 
are  estimated)  gives  the  results 

417  rf/  2302  5225/2699  10,283/4950 

which  are  the  OTS  costs  for  60-30/10/2000. 

The  non-OTS  costs  for  60/10/2000  are: 

2923/1727  3872/2075  9785/4678 

Thus,  the  total  costs  for  60-30/10/2000  are: 

7101/4029  9097/4774  20,068/9628 

For  comparison  to  other  systems,  the  totals  (fuel  plus  C&M)  are: 

11,130  13,871  29,696 

D. 3  Calculation  of  Annual  Costs 

Obtaining  annual  costs  for  all  years  1979-2005  inclusive,  beginning 
with  July  sample  day  costs  for  all  cases  and  November  sample  day  costs 
for  the  baseline  120-60/15/2000  case  only,  involves  the  steps  described 
below.  (Note:  Only  the  120-60/15/2000  case  was  simulated  for  the  year 
1995.  Therefore,  estimates  were  derived  for  all  othet  scenarios  for 
1995.) 

0.3.1  November  Costs 

Costs  for  the  November  sample  day  were  based  on  the  proportion  of 
November  to  July  costs  in  the  baseline  case.  For  fuel  costs,  these 
proportions  were:  1979  -  0.7435;  1984  -  0.7017;  1995  -  0.6785; 

2005  -  0.6522.  For  crew  and  maintenance  costs,  the  proportions  were: 

1979  -  0.7210;  1984  -  0.7026;  1995  -  0.6849;  2005  -  0.6645. 
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D. 3.2  Annual  Costs 


Actual  recorded  traffic  statistics  for  the  NAT  for  the  years  1969 
through  1979  were  provided  by  IATA.  These  data  were  used  to  determine 
the  weighting  factors  that  were  applied  to  the  November  and  July  daily 
cost  figures  in  order  to  derive  annual  costs.  The  criterion  for 
determining  the  weighting  factors  is  minimization  of  total  variation 
from  actual  annual  air  traffic  over  the  11-year  period.  A  simple 
average  of  the  two  cost  figures  gave  large  variations  from  actual  annual 
figures.  However,  a  weighting  of  65%  of  November  costs  and  35%  of  July 
costs  resulted  in  a  net  variation  of  0%  for  the  aggregation  of  all  11 
years  as  well  as  for  1979,  the  most  recent  year  reported.  Table  D-l 
summarizes  the  monthly  traffic  figures  and  variation  percentages  of  the 
weighting  method,  The  65  -  35  weighting  was  used  to  annualize  the 
November  and  July  costs,  and  the  weighted  average  was  multiplied  by  a 
factor  of  365  days/year. 

D. 3.3  Costs  for  Intermediate  Years 

Since  the  growths  involved  in  costs  are  by  nature  compounded, 
interpolation  between  the  calculated  years  (1979,  1984,  1995,  and  2005) 
should  also  reflect  compounded  growth.  Therefore,  between  each  two 
calculated  years  (e.g.,  between  1979  and  1984  or  between  1984  and  1995), 
intermediate  values  were  calculated  assuming  a  constant  annual 
percentage  growth  in  costs  over  the  appropriate  period. 
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ANNUAL  DISTRIBUTION  OF  NAT  TRAFFIC 


Appendix  E 


CEP  USER  FLIGHT  COSTS  SUPPORT  DATA 
(Prepared  by  David  B.  Koretz) 


E.l  Introduction 

This  section  describes  the  derivation  of  estimated  user  flight 
costs  for  two  operating  scenarios  not  simulated  by  the  FCM.  These 
scenarios  represent  potential  sets  of  changes  in  CEP  separation 
standards  to  (1)  15  nmi/2  min/2000  ft  and  (2)  50-25  nmi  composite/  10 
min/ 2000  ft. 

E.2  Derivation  of  Daily  Costs 

The  cost  figures  shown  in  the  following  paragraphs  are  for  the  July 
sample  day  in  the  indicated  years.  In  all  cases  figures  shown  are  for 
the  years  1979  1984  2005 

E.2.1  15/2/2000  Case 

Cost  figures  in  this  derivation  are  total  costs,  the  sum  of  fuel 
and  crew  and  maintenance  (C&M)  costs. 

As  discussed  in  Appendix  D  for  the  NAT  region,  ideal  costs  act  as  a 
base  and  lower  bound  to  planned  costs.  The  ideal  costs  for  the  CEP 
computed  by  the  FCM  were 


(1979  US  $  000) 

2784 

4133 

11145 

The  planned  costs 

for  each  system  were: 

50/x/2000 

2806 

4166 

11145 

25/x/2000 

2808 

4165 

11142 

Following  the  trends  in  1984  and  2005,  and  noting  that  the  ORS 
rerouting  costs  in  the  25/x/2000  are  mitigated  by  the  very  close  spacing 
of  the  15  nmi  case,  planned  costs  for  the  15/x/2000  are  estimated  to 
be:  2,806  4,164  11,139 

To  calculate  total  costs  for  the  15/2/2000  case,  it  is  necessary  to 
compute  a  cost  over  planned  (COP)  of  having  a  2  min  nominal  Mach  numbe 
technique  longitudinal  separation. 


The  numbers  can  be  extrapolated  as  follows: 


50/10/2000  COP 
25/10/2000  COP 
estimated  15/10/2000  COP 
25/5/2000  COP 
estimated  15/5/2000  COP 
estimated  15/2/2000  COP 


8  11  45 

9  10  38 

8  9  32 

8  8  30 

7  7  25 

6  6  20 


estimated  total  costs  for  15/2/2000: 


2,812  4,170  11,159 


Examination  of  the  relationship  between  fuel  and  crew  and  maintenance 
components  of  costs  in  the  CEP  leads  to  a  breakdown  of  the  above  costs 
as  follows:  Fuel/C&M  Fuel/C&M  Fuel/C&M 

1808/1004  2700/1470  7309/3850 


E.2.2  50-25/10/2000  Case 

The  cos ts  for  the  50-25/10/2000  system  are  equal  to  the  non-ORS 
costs  for  the  50/10/2000  case  plus  ORS  costs  for  the  25/10/1000  case. 
(Note:  There  is  minimal  difference  in  ORS  costs  between  the  50/15/2000 
and  the  100-50/15/2000,  and  it  is  presumed  that  the  same  would  hold  true 
for  the  ORS  costs  of  the  50-25/10/2000  case  relative  to  the  25/10/2000.) 

Here  the  costs  are  broken  down  into  fuel  and  C&M  components: 

25/10/2000  ORS  costs  848/508  1139/661  2564/1419 

50/10/2000  non-ORS  costs  962/496  1568/808  4769/2429 

total  50-25/10/2000  1810/1004  1707/1469  7333/3848 

For  comparison  purposes,  total  July  sample  day  costs  are: 

2,814  4,176  11,181 

E.3  Calculation  of  Annual  Costs 

Unlike  the  NAT,  CEP  annual  costs  were  based  on  a  simple  average  of 
July  and  November  sample  day  costs.  Since  November  costs  were  obtained 
from  the  FCM  only  for  the  baseline  100-50/15/2000  case,  November  costs 
for  other  scenarios  were  estimated  from  the  respective  July  figures 
based  on  the  November  to  July  cost  proportions  observed  in  the  baseline 
scenario.  Those  proportions  (of  November  cost  to  July  costs)  for  fuel 
were:  1979  -  0.9018;  1984  -  0.8346;  1995  -  0.7947:  2005  -  0.8073.  For 
crew  and  maintenance  costs,  the  proportions  were;  *979  -  0.9263; 

1984  -  0.8734;  1995  -  0.8253;  2005  -  0.8360. 
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The  simple  averages  of  July  and  November  costs  for  each  year  were 
multiplied  by  305  to  obtain  annual  costs.  Figures  for  intermediate 
years  were  interpolated  using  the  compounded-growth  method  for  the  NAT 
in  Appendix  D. 
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Appendix  F 

CAR  USER  FLIGHT  COST  SUPPORT  DATA 

Calculation  of  user  flight  costs  for  the  Caribbean  region  using  the 
FCM  was  precluded  by  lack  of  data  and  study  resource  limitations,  this 
appendix  presents  alternative  approach  for  determining  preliminary 
estimates  of  the  user  flight  costs  of  ATC  intervention  in  potential 
conflict  situations.  Ref.  1  estimated  the  time  spent  by  CAR  aircraft 
flying  4000  ft  below  their  chosen  flight  levels  due  to  conflict 
resolution.  Those  results  are  sumnarized  in  Table  F-l.  Flight 
diversion  times  were  estimated  for  the  present  system  at  15  and  10 
longitudinal  min  separations,  and  for  several  alternative  scenarios  that 
assumed  radar  coverage  of  the  Miami  to  San  Juan  traffic  corridor  and 
various  separation  standards.  It  is  assumed  that  aircraft  in  conflict 
must  divert  downward  by  4000  ft  since  the  flight  level  2000  ft  below 
would  be  reserved  for  traffic  in  the  opposite  direction. 

Using  the  same  fuel  consumption  tables  that  were  used  by  the  FCM,  a 
weighted  average  of  aircraft  fuel  consumption  was  derived  based  on  the 
aircraft  type  mix  of  the  published  CAR  flights  schedules.  The  average 
amount  of  fuel  consumed  by  an  aircraft  flying  at  FL  330  was  determined 
to  be  1.395  lb/nmi  higher  than  that  used  by  an  aircraft  flying  at  FL 
370.  Using  an  average  airspeed  of  480  knots,  this  figure  calculated  to 
11.162  lb/min.  The  amount  of  fuel  consumed  because  of  the  4000  ft 
diversion  is  tabulated  in  Table  F-2  for  each  FIR  and  for  each  ATS 
alternative. 

The  fuel  cost  tables  used  by  the  FCM  showed  February  1979  prices  of 
about  $71  per  1000  lb  fuel  in  the  United  States  and  $76  per  1000  lb  fuel 
in  the  Caribbean  area.  An  average  of  $73.50  per  1000  lb  plus  the  292 
inflation  factor  were  used  to  derive  a  fuel  cost  of  $94,815  per  1000  lb 
fuel  for  mid-1979.  This  price  was  applied  to  obtain  the  daily  fuel 
costs  of  diversion  shown  in  Table  F-3. 

The  July  1979  sample  day  costs  were  multiplied  by  365  to  obtain  the 
1979  annual  costs  shown  in  Table  F-4.  The  figures  for  the  forecasted 
years  are  based  on  the  traffic  growth  describe^  in  ref.  2.  These 
figures  assume  2.42  annual  traffic  growth  from  1979  to  1995,  and  2.02 
annual  growth  from  1995  to  2005.  These  growth  rates,  when  compounded, 
show  a  782  total  traffic  growth  from  1979  to  2005.  It  was  assumed  that 
diversion  costs  grow  as  the  square  of  traffic  growth  because  of  pairwise 
interactions  between  potentially  conflicting  aircraft.  Costs  for  the 
new  operating  alternative  in  Table  F-4,  a  2  min  separation  case,  were 
extrapolated  from  the  costs  calculated  in  ref.  1.  The  computations 
deriving  the  costs  in  ref.  1  showed  congestion  to  be  roughly 
proportional  to  separations,  and  that  relationship  was  assumed  for  the 
extrapolated  scenario. 


F-l 


References 

1.  SRI  International,  "Oceanic  Area  System  Improvement  Study 

(OASIS)  Volume  IV:  Caribbean  Region  Air  Traffic  Services  System 
Description,"  Final  Report  No.  FAA-EM-81-17,  IV  (September  1981). 

SRI  International,  "Oceanic  Area  Systems  Improvement  Study 
(OASIS)  Volume  X:  North  Atlantic,  Central  East  Pacific  and 
Caribbean  Regions  Aviation  Traffic  Forecasts,"  Final  Report  No. 
FAA-EM-81-17,  X  (September  1981). 


2. 


I 


H 


W 

< 

ft- 

2 


ft- 

£ 


Os 

Os 


5 


I 

ft- 


2 


¥ 


« 

ft 

ft 


a  u 
o  « 

•H  -O 

2  S<2 
■  S* 

m  a  ft 
0) 

co  3 


a  ft 
.  O  CO 
•ft  *0 

3  ti5 

*  ft  43 

2  £2 
w  » 


a  h 

324 
■  S2 

©  u 

H  Cl  jC 
^  ft.  -u 
m  oi  jc 

H  Cfl  j 


no 

C")  CN 


no  m  oo 

(N  H  H 


ON  ON 
NO 


ao 

cn 


©  cn  <r  ao  o  - 

r*  -0  ro  cn  vo  * 


ON  O 

cn 


m  cn 
fs  cn 
NO  • 


s  s 


©  m  cn 
cn  r*  O  * 


NO 

ON 


00 

«  -ft 


7 

ft  00“ 
«0  0  _ 
a  m  -h 

•H  0)  H 

ft  >  ft- 
CO  < 
ft} 


oo 

M 

ft- 


06 

M  PCS 

►  E 

'*•  ft- 

G  S 

a  s 

O  <0 

ft  T) 

a  «h 

3  ft 

o  4i 

£  x 


ad 

M 

ft- 

g 

CJ  oo 


-H  < 
3  H 
CJ  CJ 

<0 

•H  C 

I  5 


Otf 

--  K 

**  < 

;  g 

2  S> 

■H  C  ft 

ft  «H  0 

T  g  a 

3  0'-' 


3 

CJ 


ad 

w 

ft- 

Z 

CJ 


<0 
I  o 

ft  ft 

ft  0 

O  cd 

ft-  c/5 


9 

■ft 

X 


8 

c 

o 

ft 

OB 

? 


od  -* 

M 
ft- 


X 

M 

ft- 

* 


s  g 

a  u 

CO  O 
3  <0 

^  U 
CO 

c  u 

CO  3 
CO  CJ 


o d 

M 

*  B 

co 


5S 

9 

O 

o 

ft 

CO 


ft  O 

41  H 

3 

cr 


ft 

o 

u 

Cl 

CO 

ft- 

a 

3 

ft 

<0 

ft 


c 

o 

■ft 

0 

ft 

41 

ft 


F-3 


8 


§ 


ft 

o 

ft 

ft. 


o 

w* 

CD 

"O 

0 

•ft 

0 

ft 

ft 

o 

B 

o 

ft 

CN 

m 

ON 

NO 

•ft 

u 

41 

ft 

o 

# 

•ft 

Cl 

•ft 

<W 

0 

cw 

■ft 

CO 

ft 

ft 

ft- 

I 

3 


0 

o 

O 

ft 

■ft 

■ft 

o 

ft 

0 

ft 

w 

o 

0 

CN 

oo 

CN 

o 

m 

CN 

o 

NO 

-ft 

00 

CN 

NO 

o 

PU 

© 

ft 

CN 

o 

cn 

o 

-ft 

ON 

cn 

NO 

«M  [ 

«n 

e 

a 

ft 

0 

ft 

ft 

cn 

fft 

oo 

CN 

fft 

o 

ft 

0 

0 

a 

| 

CN 

3 

X 

m 

o 

•n 

ft 

ft 

CO 

S 

ft 

o 

o 

cn 

NM 

0 

0 

ft 

0 

41 

O 

1  fl 

e 

■ft 

■ft 

■ft 

m 

o 

m 

O 

m 

o 

o 

o 

o 

o 

o 

m 

Qd 

ft 

H 

£ 

■o 

cn 

Fft 

cn 

cn 

NO 

cn 

cn 

cn 

cn 

-ft 

u 

0 

ft 

CO 

CO 

ft} 


X 

C 


41 

00 

CO 

ft 

41 

% 

o 

ft 

CQ 

•o 

CO 

ad 


3 

•O 

41 

O 

C 

41 

00 

ft 

41 

ft 


41 
JZ 
ft 

o 

a  4i 
>N  ci 
JZ  ft 


m  *s 
41  ft 

•o  00 

3  *H 


<u£  a  oo 

e  8  &  z 


although  ATC  is  not  currently  provided. 

i  Piarco  Atlantic  Ocean  FIR,  Miami  NAT  and  San  Juan  NAT  air  traffic 


C  M 
O  CD 
C  -H  T3 

tH  U  10  CSI  rH  |  sD  r-  rH  vO  ©  © 

SB  cD  c2  OO  ©'CO*  m  *  Or" 

u  sr  m  4  h  n  in  <— i  r-» 

m  <a  js  m 

O.  4J 
ai  jj 
cn  3 


<m  00 
00 
cn 


ON 

o 

CM 

CM 

o 

r«. 

o 

Qy 

m 

f*. 

cm 

H 

CM 

I''  « 

<n  « 

o 

CO 

00 

SO 

v© 

CM 

-a- 

v£> 

00 

•H 

cn 

H 

u  to 
•rC  H3 

CM 

m 

CM 

cn 

r* 

Ov 

CM 

rH 

oo 

Ov 

4J  CD 

v© 

o 

<M 

oo 

cn 

cn  4( 

* 

O 

O  u» 

CM 

CD  OS 

cn 

CM 

vo 

00 

rH 

O 

CM 

oo 

cn 

U 

rH 

rH 

cn 

rH 

rH 

rH 

rH 

rH  at  02 

0.  *J 
m  a»  >h 
•h  to  3 


5 

X 

o 

•H 

4J 

CM 

m 

CM 

cn 

©V 

rH 

CM 

00 

rH 

00 

00 

CD 

v© 

o 

CM 

oo 

cn 

cn 

n- 

O 

o  V" 

*o 

o 

h 

cn 

CM 

v© 

00 

rH 

O 

o 

m 

CM 

00 

O' 

rH 

•v*. 

un 

rH 

CD 

a 

V 

cn 

rH 

rH 

cn 

rH 

O' 

rH 

CM 

rH 

CVJ 

CM 

PS  > 

g  eS 

o 


gS  * 

Oi  O  CkS  <U 

M  MU 

(b  <-n  (b  C 


ss 

OS  u 


M  M  U  O  O 

Cb  r-N  Cb  C  00  < 

IW  iH  C  *J  H 

*)  rH  *J  U  "H  60  U 

H  3  H  0u  s  cq  _ 

o  o  u  i  owe 

3  0^0 

CD  (0  CO  U 

T9  <H  C  I  O  M  CO 

•H  S  CO  C  *J  £  04 

m  to  _o  e  to  c 

«l  M  W  O  CD  iH  M 

X  X  *  ft.  cn  X  « 


OS  HV 
m  (3 


o 

a 

a 

C 

o 

•H 

(2 

o 

CD 

o 

4J 

u 

3 

CD 

0 

a) 

0 

•H 

CO 

►n 

O 

o 

D 

4J 

00 

cD 

u 

cr 

3 

s 

c 

c 

M 

CD 

•H 

cD 

•H 

iH 

CD 

3 

tH 

is 

cn 

5C 

cn 

O 

3. 

£ 

Radar  coverage  in  Miami  (East  CAR)  to  San  Juan  (CAR)  traffic  corridor. 
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Radar  installed  to  cover  Miami  (East  CAR)  CTA/FIR  to  San  Juan  (CAR)  CTA/FI&  corridor. 


APPENDIX  G 


PRELIMINARY  CONFIGURATIONS  AND  REVISIONS 
G. 1  Configuration  Revisions 

A  preliminary  set  of  configurations  were  considered  by  the 
Aviation  Review  Committee  at  the  5th  meeting  of  the  Committee  at 
Torremo linos  (near  Malaga),  Spain,  in  December  1980  (ref.  1).  These 
configurations  are  listed  in  Table  G-l  as  are  the  results  of  a 
preliminary  cost  analysis  of  the  configurations.  At  the  5th  meeting, 
the  Aviation  Review  Committee  revised  the  set  of  configurations  to  be 
considered  in  subsequent  analysis  and  identifed  areas  of  revision  in  the 
preliminary  cost  estisiates  (the  revised  configurations  and  costs  are 
those  presented  in  the  main  text  of  this  report).  The  Conanit tee's 
revisions  to  the  preliminary  configurations  included  deletions  of  a  few 
configurations,  additions  of  a  few  new  configurations,  modifications  of 
a  few  other  configurations,  and  retention  without  change  of  the 
remaining  configurations.  The  results  of  the  Conmittee's  revisions  are 
as  described  below  as  paraphrased  from  reference  2  using  the  Conmittee's 
revised  configuration  identification  numbering  system: 

Configuration  1.  Baseline,  MNPS,  120-60/15/2000  through 

1980,  60/15/2000  in  1981,  60/10/2000  in 
1982  through  2005 

Committee  Action:  This  option  was  agreed  an  acceptable 

baseline  on  which  to  compare  the  following 
configurations  and  was  retained. 

Configuration  2a.  60-30  composite,  MNPS,  60-30/10/2000  in  1985 

(with  no  improvement  in  the  vertical 
criteria) 

Conmittee  Action:  This  option  was  retained,  but  was  considered 

less  likely  of  achievement  than  2b. 

Configuration  2b.  60-30  composite,  MNPS  (Improved),  and/or 

vertical  PS  60-30/10/2000  in  1985 

Committee  Action:  This  option  was  introduced  and  retained  but 

the  1985  implementation  data  was  considered 
optimistic 
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1.  iwitH,  an.  110-40/ is/ mm  thaaa*  im. 

M/iS/MN  la  ft  Ml,  M/IO/MM  la  >W>  three*  XM 

2.  W-N  Caapeeite,  MTS,  M>N/M/NN  la  1003 
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Configuration  3. 

Committee  Action: 
Configuration  4. 

Committee  Action: 
Configuration  5. 

Committee  Action: 
Configuration  6. 

Conanittee  Action: 
Configuration  7. 
Committee  Action: 
Configuration  8. 

Committee  Action: 
Configuration  9. 

Conanittee  Action: 
Configuration  10. 


60-30  composite,  airborne  separation 
assurance  device,  1002  avionics  cost 
allocation,  MNPS,  60-30/10/2000  in  1989 

This  option  was  deleted. 

60-30  composite,  airborne  separation 
assurance  device,  502  avionics  cost 
allocation,  MNPS,  60-30/10/2000  in  1989 

This  option  was  deleted. 

1000  ft  vertical  separation  above  FL  290, 
oceanic  only,  PS  (vertical),  60/10/1000  in 
1985 

This  option  was  retained,  but  operational 
problems  in  transition  areas  were  noted. 

1000  ft  vertical  above  FL  290,  oceanic  only, 
witl.  improved  altimetry,  PS  (vertical), 
60/10/1000  in  1988 

This  option  was  retained,  but  operational 
problems  in  transition  areas  were  noted. 

1000  ft  vertical  above  FL  290,  oceanic  and 
domestic,  PS  (vertical),  60/10/1000  in  1985 

This  option  was  retained,  and  was  considered 
more  attractive  than  option  #5. 

1000  ft  vertical  above  FL  290,  oceanic  and 
domestic,  with  improved  altimetry,  PS 
(vertical),  60/10/1000  in  1988 

This  option  was  retained,  and  was  considered 
more  attractive  than  option  #6. 

Airborne  separation  assurance  device  with 
1002  avionics  cost  allocation,  MNPS 
(Improved),  30/5/2000  in  1990 

This  option  was  retained  with  general  support 
from  all  participants 

Airborne  separation  assurance  device  with 
502  avionics  cost  allocation,  MNPS 
(Improved),  30/5/2000  in  1990 
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Committee  Action:  Thia  option  was  retained  with  general  support 

from  all  participants  noting  that  this  option 
was  more  attractive  than  9  due  to  50%  cost 
allocation. 

Configuration  11a.  Automatic  Dependent  Surveillance  with  network 

HF  data  link  and  voice,  MNPS  (Improved), 
30/5/2000  in  1990 

Committee  Action:  This  option  was  retained  with  dissent  from 

U.K.  participant. 

Configuration  lib.  Same  as  11a  with  addition  of  airborne 

separation  assurance  device,  with  50% 
avionics  cost  allocation 

Coranittee  Action.  This  option  was  introduced  and  retained  with 

dissent  from  U.K.  participant. 

Configuration  12a.  Automatic  Dependent  Surveillance  with 

satellite  data  link  and  voice,  MNPS 
(Improved),  30/5/2000  in  1990. 

Committee  Action.  This  option  was  retained  with  dissent  from 

U.K.  participant. 

Configuration  12b.  Same  as  12a  with  airborne  separation 

assurance  device  with  50%  avionics  cost 
allocation 

Committee  Action.  This  option  was  introduced  and  retained  with 

dissent  from  U.K.  participant. 

Configuration  13a.  Cooperative  independent  surveillance  with 

multiple  satellites  data  link  and  voice, 

MNPS  (advanced),  15/2/2000  in  1995. 

Committee  Action.  Option  retained. 

Configuration  13b.  Same  as  13a  except  adding  freedom  in  the 

vertical  plane. 

Coranittee  Action.  This  option  was  introduced  by  the  U.K.  with 

descriptive  material  to  be  supplied  by  the 
U.K. 

Configuration  14.  Configuration  11  and  airborne  separation 

assurance  device,  100%  avionics  cost 
allocation,  MNPS  (advanced),  15/2/2000 
in  1995. 
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Conmittee  Action. 

Configuration  IS. 

Conmittee  Action. 
Configuration  16. 

Committee  Action. 

Configuration  17. 

Committee  Action. 
Configuration  18. 


Committee  Action. 

Configuration  19. 

Committee  Action. 
Configuration  20. 


Conmittee  Action. 
Configuration  21a. 


This  option  was  deleted  noting  that 
cooperative  independent  surveillanc4  is 
assumed  to  be  required  for  15/2/2000. 

Configuration  12  and  airborne  separation 
assurance  device,  with  100%  avionics  cost, 
MNPS  (advanced),  15/2/2000  in  1995. 

This  option  was  deleted,  same  reason  as  14. 

Configuration  2a  and  Automatic  Dependent 
Surveillance,  Network  HF  data  link  and  voice, 
MNPS  (improved),  30/5/2000  in  1990. 

This  option  was  deleted  due  to  uncertainty 
in  achieving  option  2a  in  a  timeframe 
significantly  earlier  than  1990. 

Configuration  2a  and  Automatic  Dependent 
Surveillance,  satellite  data  link  and  voice, 
MNPS  (improved),  30/5/2000  in  1990. 

This  option  was  deleted,  same  reason  as  16. 

Configuration  2a  and  Cooperative  Independent 
Surveillance,  with  Multiple  Satellites,  data 
link  and  voice,  MNPS  (advanced)  15/2/2000 
in  1995. 

This  option  was  retained,  noting  the  doubts 
of  some  participants  with  regard  to 
achievement  of  configuration  2a. 

Configuration  16  and  airbvrne  separation 
assurance  device,  100%  avionics  cost, 

MNPS  (advanced),  15/2/2000  in  1995. 

This  option  was  deleted,  same  reason  as  14. 

Configuration  17  and  airborne  separation 
assurance  device,  100%  avionics  cost 
allocation,  MNPS  (advanced)  15/2/2000 
in  1995. 

This  option  was  deleted,  same  reason  as  14. 

Automatic  Dependent  Surveillance,  Satellite 
Data  Link  only,  MNPS  (improved),  30/5/2000 
in  1990. 
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Committee  Action.  This  option  was  retained,  noting  that  it 

would  be  more  cost-ef fective  than  option 
12a. 

Configuration  21b.  Same  as  21a  with  airborne  separation 

assurance  device,  502  cost  allocation. 

Committee  Action.  This  option  was  introduced  and  retained, 

noting  that  it  would  be  more  cost-effective 
than  option  12b. 

Configuration  22.  Simple  network  HF  data  link  and  voice 

without  separation  minima  reduction,  MNPS, 
automatic  dependent  surveillance,  baseline 
separation  minima. 

Committee  Action.  This  option  retained  as  a  relatively  early 

attainable  step  toward  the  attainment  of 
improved  oceanic  air  traffic  control. 

(Note:  Since  the  minimum  satisfactory 
capability  of  the  HF  data  link  concept  was 
subsequently  perceived  by  Working  Group  B  to 
be  a  simple  network,  this  option  has  been 
changed  to  the  simple  network  HF  data  link 
and  voice  concept.) 
control. 

Configuration  23.  Simpld  HF  data  link  and  voice  with  separation 

minima  reduction,  MNPS  (improved),  automatic 
dependent  surveillance,  30/5/2000  in  1990. 

Committee  Action.  This  option  was  retained  as  an  evolutionary 

step  based  on  22. 

Configuration  24.  Same  as  23  with  an  airborne  separation 

assurance  device. 

Committee  Action.  This  option  was  introduced  and  retained 

noting  that  it  would  add  further  protection 
against  the  risk  of  collision. 

Because  of  the  various  configuration  deletions  and  insertions,  the 
configuration  numbering  system  given  above  was  modified  to  that 
presented  in  the  main  text  of  the  report.  The  correlation  between  the 
configuration  numbering  systems  are  as  follows: 


Revised 

Preliminary 

Preliminary 

Configuration 

Configuration 

Configuration 

Number 

Number 

Number 

1 

1  (retained) 

1 

2 

2a  (retained) 

2 

- 

2b  (introduced) 

3 

3 

3  (deleted) 

- 

4 

4  (deleted) 

- 

5 

5  (retained) 

4 

6 

6  (retained) 

5 

7 

7  (retained) 

6 

8 

8  (retained) 

7 

9 

9  (retained) 

8 

10 

10  (retained) 

9 

11 

11a  (retained) 

10 

- 

lib  (introduced) 

11 

12 

12a  (retained) 

15 

- 

12b  (introduced) 

1& 

13 

13a  (retained) 

l£ 

- 

13b  (introduced) 

20 

14 

14  (deleted) 

- 

15 

15  (deleted) 

- 

16 

16  (deleted) 

- 

17 

17  (deleted) 

- 

18 

18  (retained) 

21 

19 

19  (deleted) 

- 

20 

20  (deleted) 

- 

21 

21a  (retained) 

17 

- 

21b  (introduced) 

18 

22 

22  (retained) 

12 

23 

23  (retained) 

13 

- 

24  (introduced) 

14 
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APPENDIX  R 


RE-ASSESSMENT  OF  AERONAUTICAL 
SATELLITE  COSTS 

(Presented  by  the  FAA,  USA) 


Source:  Aviation  Review  Committee  Working 
Paper  ARC  81/WP-20,  May  1980 
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COMMITTEE  TO  REVIEW  THE  APPLICATION  OF  SATELLITE 
AND  OTHER  TECHNIQUES  TO  CIVIL  AVIATION 


6th  Meeting  -  Ottawa  -  May  1981 


Agenda  Item: 


RE-ASSESSMENT  OF  AERONAUTICAL  SATELLITE  COSTS 
(Presented  by  the  United  States)  ™ 


INTRODUCTION  AND  SUMMARY 


In  its  discussion  of  the  OASIS  Draft  Final  Report  at  the  5th 
meeting  in  Malaga,  the  ARC  noted  that  costings  based  on  optimum  satel¬ 
lite  sharing  might  result  in  overestimation  of  savings  if  it  became 
necessary  to  resort  to  dedicated  aeronautical  satellites  or  to  suboptimum 
sharing  arrangements.  A  satellite-based  cooperative  independent 
surveillance  system  would  probably  require  satellites  dedicated  to  aero¬ 
nautical  service  to  ensure  the  necessary  orbital  locations  and  service 
level  in  a  timely  manner.  For  the  data-and-voice  or  data-only  service, 
an  optimum  sharing  arrangement  was  used  in  the  OASIS  study  where 
costs  are  based  on  the  fraction  of  spacecraft  mass  used.  It  is  possible 
that  an  aeronautical  package  for  these  services  could  cost  more  than  the 
fraction  of  total  spacecraft  mass  to  satisfy  the  aeronautical  service 
mission  would  suggest.  This  working  paper  re-examines  the  cost  of 
dedicated  aeronautical  satellites  (and  associated  launches)  and  sub¬ 
optimum  sharing  arrangements.  Most  of  these  data  were  variously 
reported  in  working  papers  of  Working  Group  B  and  were  used  in  the 
preparation  of  the  estimates  for  shared  satellite  services  in  the  OASIS 
Final  Report.  Sharing  of  services  appeared  to  be  an  important  element 
in  holding  down  the  potential  costs  of  a  satellite  repeater  implementation 
because  the  envisioned  alternative  requirements  (data-only,  voice-and- 
data,  or  voice,  data  and  cooperative  independent  surveillance)  involve 
only  a  small  payload. 

The  data  presented  in  this  working  paper  indicate  that  both 
development  and  recurring  satellite  and  launch  costs  for  dedicated 
satellites  would  increase  about  fourfold  over  the  estimates  for  shared 
services  used  in  the  OASIS  Final  Report.  The  possibility  that  a  50  per¬ 
cent  cost  sharing  arrangement  might  be  necessary  (i.e.,  pay  50  percent 
of  a  small  satellite)  to  implement  a  data-and-voice  or  data-only  cap¬ 
ability  was  evaluated;  this  assumption  corresponds  to  an  increase  by  a 
factor  of  two  to  five  in  provider  capital  costs  relative  to  optimum 
sharing  for  these  alternatives. 

The  impact  of  this  reassessment  on  net  savings  for  configurations 
15  through  21  is  a  reduction  of 

S61M  for  the  data-only  cases,  $47M  for  the  voice-and-data  cases,  and 
$122M  for  the  multiple-satellite  cooperative  independent  surveillance 


DEDICATED  SATELLITE  COSTS 


The  total  development,  unit,  and  launch  costs  of  a  dedicated 
satellite  system  for  oceanic  aeronautical  use  are  derived  in  Appendix  I 
and  summarized  below. 

1.  The  development  cost  of  a  small  (250  kg)  geosynchronous 
aeronautical  satellite  is  estimated  to  be  $29M.  Development 
costs  are  typically  expended  at  a  uniform  rate  over  a  3-  to 
4-year  period . 

2.  The  recurring  unit  satellite  cost  is  estimated  to  be  $10M. 
The  launch  costs  are  in  the  neighborhood  of  $12M  for  a 
Shuttle  launch,  $18M  for  an  Ariane  launch,  and  $22M  for  a 
Thor- Delta  launch.  A  figure  of  $18M  for  dedicated  launch 
cost  is  used  in  all  subsequent  discussion.  Recurring  costs 
are  incurred  on  the  .date  of  hardware  delivery  and/or  launch. 


NONOPTIMUM  SHARED  SATELLITE  COSTS 


Satellite  costs  might  fall  somewhere  between  the  lower  limits  of 
optimum  sharing  as  used  in  the  OASIS  Final  Report  and  the  dedicated 
satellite  costs  indicated  above.  This  situation  might  arise  in  those 
configurations  representing  satellite  voice-and-data  service  or  in  the 
satellite  data -only  service.  To  estimate  the  consequences  of  nonopti¬ 
mum  sharing,  it  is  assumed  that  a  50  percent  sharing  ratio  of  the 
dedicated  satellite  and  launch  costs  would  obtain,  or  half  the  figures 
cited  above. 


IMPACT  OF  SATELLITE  COST  REVISIONS  ON  NET  SAVINGS 


The  effect  of  revising  satellite  service  cost  upwards  to  reflect  the 
possibility  of  nonoptimum  sharing  ratios  is  investigated.  Two  effects 
are  modeled:  (1)  increase  the  space  segment  capital  investment  costs 
for  Configurations  15  through  18  to  be  50  percent  of  a  dedicated 
satellite  and  (2)  increase  the  space  segment  capital  investment  to  100 
percent  of  a  dedicated  satellite  for  configurations  19  through  21.  The 
results  of  this  reassessment  are  presented  in  Table  1.  The  analysis  for 
these  results  is  given  in  Appendix  II. 
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Table  1.  Net  Savings  Comparison  of  Selected  NAT  Configurations 
Relative  to  Baseline  (1979  Discounted  US  $  millions) 


Configuration 

Number 

Configuration  OASIS 

Name  Net  Savings 

Reassessed 

Net  Savings 

15 

ADS,  SAT 

145 

98* 

16 

ADS,  SAT, 

Separation  Assurance 
Device  -  50% 

96 

49* 

17 

ADS,  SAT  DL  only 

179 

118* 

18 

ADS,  SAT  DL  only, 
Separation  Assurance 
Device  -  50% 

130 

69* 

19 

CIS,  MULTI  SAT 

187 

65+ 

20 

CIS,  MULTI  SAT, 
Free  Vert  Flight 

253 

130+ 

21 

CIS,  MULTI  SAT, 
60-30  C,  MNPS 

214 

92+ 

*  Assuming  50  percent  of  dedicated  satellite  costs. 
'''Assuming  dedicated  satellite  costs. 
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APPENDIX  I 


DERIVATION  OF  SATELLITE  AND  LAUNCH  COSTS 

SPACECRAFT  COSTS 


Cost  estimates  are  derived  for  a  small  geosynchronous  satellite  that 
could  provide  dedicated  aeronautical  communications  and  cooperative  inde¬ 
pendent  surveillance  or  provide  aeronautical  communication  when  shared 
equally  with  another  service.  There  are  many  factors  that  influence  the 
ultimate  cost  of  a  satellite  communications  service  as  was  demonstrated  by 
the  AEROSAT  program.  In  this  program,  institutional  factors  and  con¬ 
straints  regarding  the  source  of  subsystem  components,  joint  ownership, 
and  lease  arrangements  contributed  significantly  to  higher  costs  for  the 
system.  Based  on  recently  developed  requirements  within  the  OASIS 
study,  a  dedicated  aeronautical  payload  is  considerably  smaller  than 
those  commonly  considered  as  small  payloads.  A  small  geosynchronous 
spacecraft  is  one  in  the  SSUS-D*  class,  or  a  total  of  350  to  450  kg 
mass.  This  mass  includes  spacecraft  structure  (bus),  an  apogee  motor 
(apogee  fuel  is  spent),  power  subsystem,  an  attitude  control  system 
(with  adequate  fuel  supplies  for  north-south  station  keeping),  thermal 
control  system,  telemetry  subsystem,  communications  transponder  payload 
and  others.  A  spacecraft  of  this  mass  typically  has  a  communications 
payload  capacity  of  70  to  100  kg,  about  four  times  the  requirement 
identified  in  the  OASIS  program.  As  part  of  the  study,  a  25-kg  communi¬ 
cations  payload  was  estimated  to  be  adequate  for  the  data-only  or  voice- 
and-data  requirements  identified.  It  is  possible  to  estimate  spacecraft 
cost  by  extrapolation  of  costs  of  similar  kinds  of  satellites  by  weight. 
However,  these  extrapolations  are  not  valid  over  a  four-to-one  weight 
range  because  the  total  spacecraft  weight  does  not  scale  linearly  with/ 
communication  payload  weight.  Cost  Estimating  Relationships  (CERs)  are 
derived  from  historical  data  on  the  basis  of  a  common  definition  of 
spacecraft  type,  weight,  and  a  common  base  year  in  which  the  costs 
would  have  been  incurred.**  These  kinds  of  estimates  are  preliminary 
because  little  design  detail  is  available.  With  these  cautions  in  mind,  an 
estimate  of  the  cost  of  dedicated  aeronautical  transponders  of  the  size 
and  capability  characterized  by  Working  Group  B  is  suggested  as 
follows.  Assume  that  a  250-kg  spacecraft  would  result  from  a  dedicated 
aeronautical  satellite  development.  This  mass  should  be  adequate  to 
support  the  voice  and  data  requirements  developed  in  WGB  as  well  as 
any  additional  payload  weight  increased  to  support  cooperative 


Spinning  Solid  Upper  Stage  is  an  orbit  transfer  vehicle  used  with 
the  space  shuttle.  An  SSUS-D  also  serves  as  the  third  stage  of  a 
Thor-Delta  launch  vehicle,  and  an  SSUS-A  also  serves  as  the  third 
stage  of  an  Atlas-Centaur  launch  vehicle. 

**R.H.  Sahmel,  "Aeronautical  Satellite  Transponder  Characteristics  and 
Cost  Estimates,"  The  Aerospace  Corporation,  draft  report,  August 
1980. 


independent  surveillance.  This  250-kg  mass  compares  with  approximately 
400  kg  for  AEROSAT  and  is  within  reasonable  extrapolation  range  of 
developed  CERs. 

The  nonrecurring  or  development  cost  estimate,  C d,  using  1980 


technology  and  given  in 

1980  U.S.  dollars  is: 

cd 

=  0.33  wO-678  ($M) 

w 

=  dry  spacecraft  weight  in  lbs 

Cd 

=  $24  M. 

The  recurring  or  unit  cost  estimate  for  a  communications  satellite  of  this 
weight  is  given  by 


CP  =  0.079  W0*731  ($M) 

=  $8  M. 

A  slight  downward  trend  in  the  cost  of  communications  satellites  (when 
adjusted  for  inflation)  has  been  observed  to  amount  to  about  4  percent 
per  year.  This  is  attributed  to  productivity  gains  in  the  satellite 
industry.  However,  this  effect  is  not  modeled  in  the  current  cost 
analyses. 

Uncertainties  in  the  estimating  procedures  due  to  the  scattering  of 
the  input  data  could  account  for  cost  variations  of  *30  percent.  Addi¬ 
tional  uncertainties  regarding  the  nature  of  a  specific  aeronautical 
satellite  procurement  increases  the  uncertainty  in  these  estimates  beyond 
these  limits.  It  is  estimated  that  if  a  constrained  procurement  such  as 
AEROSAT  is  envisioned,  a  20  percent  increase  in  both  development  costs 
and  recurring  costs  would  be  realized.  The  estimated  costs  for  a 
dedicated  aeronautical  satellite  thus  become 

Cd:  $29  M 

and 

Cr:  $10  M 

with  an  uncertainty  of  about  30  to  40  percent. 

LAUNCH  COSTS 


The  launch  vehicle  options  for  small  civilian  payloads  to 
synchronous  orbit  altitudes  will  include  the  Space  Shuttle  and  Ariane  in 
the  near  future,  and  Thor-Delta  vehicles  for  a  limited  time.  The  Euro¬ 
pean  launch  vehicle  Ariane  can  place  1700  kg  into  synchronous  transfer 
orbit.  Using  the  Systeme  Lancement  d'Ariane  (SYLDA)  in  conjunction 
with  the  Ariane  booster,  two  smaller  payloads  may  be  placed  into 
svnchronous  orbit.  The  development  of  the  Space  Transportation  System 
(STS)  or  Space  Shuttle  as  it  is  commonly  known,  will  end  the  era  of 
expendable  launch  vehicles  for  most  of  the  NASA-supported  satellite 
projects  as  they  are  known  today. 

There  are  two  kinds  of  upper  stages  that  will  be  used  to  deliver 
satellite  payloads  beyond  the  Shuttle  Or  biter's  earth  orbit.  Large 
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payloads  intended  tor  geosynchronous,  elliptic,  or  high  circular  orbits  or 
destined  for  deep  space  may  use  the  large,  solid  Inertial  Upper  Stage 
(IUS).  Payloads  of  the  Delta  or  Atlas-Centaur  weight/volume  class  can 
use  the  Spinning  Solid  Upper  Stage  (SSUS),  also  known  as  Propulsion 
Assist  Module  (PAM),  for  transfer  from  the  Shuttle  to  its  final  orbital 
position.  The  SSUS  is  designed  to  be  compatible  to  a  degree  with  these 
expendable  launch  vehicles  to  permit  some  programmatic  flexibility  as  the 
Shuttle  is  being  phased  into  service.  The  first  Shuttle  launch  was 

tested  successfully  on  April  12,  1981.  Up  to  four  test  flights  are 

scheduled  before  the  Shuttle  becomes  operational  in  1982.  Additional 
Shuttle  operational  information  is  given  in  the  attachment  to  this 

appendix. 

The  SSUS  is  designed  to  place  into  geosynchronous  transfer  orbit 
two  primary  classes  of  spacecraft:  the  Delta  class,  which  ranges  in 
mass  from  2000  to  a  maximum  of  2400  lb  (900  to  1088  kg),  including  the 
Apogee  Kick  Motor  (AKM),  and  the  Atlas-Centaur  class,  which  ranges  in 
mass  from  4000  to  a  maximum  of  4400  lb  (1800  to  1996  ''kg).  It  is 
expected  that  five  Delta  class  (SSUS-D)  or  four  Atlas-Centaur  class 

(SSUS-A)  stages  with  spacecraft  can  be  carried  on  a  single  Shuttle 
flight.  One  or  more  SSUS/spacecraft  may  also  share  a  flight  with  other 
Shuttle  payloads. 

Shuttle  service  options  and  use  charges  are  still  being  developed  by 
NASA.  Estimates  for  the  Shuttle  launch  are  in  the  neighborhood  of 
$20. 0M  in  1975  dollars.  This  cost  would  be  shared  by  up  to  five  users 
of  a  Delta-class  vehicle. 

The  costs  of  the  various  satellite  service  alternatives  are  heavily 
dependent  on  the  type  of  service  provided;  i.e.,  the  size  and  com¬ 
plexity  of  the  actual  space  borne  communications  payload,  the  launching 
arrangements,  ground  support,  etc.  In  order  to  estimate  these  costs, 
an  example  of  the  launch  costs  for  a  dedicated  aeronautical  Delta-class 
satellite,  using  the  Space  Shuttle  and  the  SSUS-D  orbit  transfer  vehicle, 
is  presented. 

The  basic  Shuttle  launch  cost  for  the  first  three  operational  years 
has  been  fixed  at  $18. 0M  in  1975  dollars.  Assuming  that  the  Shuttle 
becomes  operational  in  March  1982,  the  price  will  not  change  (in  1975  dol¬ 
lars)  until  October  1985.  Most  flights  are  already  fully  booked  through 
1984.  Consequently,  the  $18. 0M  may  jump  by  25  percent  or  more  for 
most  projects  not  already  in  the  definitive  planning  stages. 

The  Shuttle  launch  costs  are  divided  among  the  various  Shuttle 
payload  users  according  to  a  cost  factor  formula  prepared  by  NASA. 
The  SSUS-D  orbit  transfer  vehicle  is  expected  to  have  a  cost  factor  (CF) 
of  about  0.2.  The  cost  of  the  SSUS-D  is  expected  to  be' in  the  range  of 
S3M  to  $4M  in  1980  dollars.  There  is  a  nonescalatable  cost  of  $4.3M  per 
Shuttle  flight  for  nongovernment-use  launches,  subject  to  the  cost-factor 
formula.  In  addition,  there  is  a  10  percent  optional  services  fee  for 
processing  geosynchronous  satellites  through  the  Kennedy  Space  Center, 
and  there  is  a  charge  for  reflight  launch  insurance.  The  cost  escalation 


used  is  based  on  actual  Bureau  of  Labor  statistics  compensation  rates 
through  1980  and  a  constant  8.5  percent  beyond.  Tables  A-l  and  A-2 
summarize  the  projected  launch  cost  of  the  above  Delta-class  geosyn¬ 
chronous  satellite  example. 


Table  A-l.  Delta-Class  Shuttle  Launch  Costs 
(Dollar  amounts  in  millions) 


Dedicated  Shuttle  Operations  Charge  (1975  $)  $18.0 

SSUS-D  Launch  Cost  (CF  =  0.2)  3.6 

Optional  Services  (10  percent)  0.4 

Reflight  Insurance  0. 1 

Subtotal  4.1 

Escalation  to  1980  (x  1.57)  6.4 

SSUS-D  Purchase  4.0 

Subtotal  (1980  $)  10.4 

Nongovernment-Use  Fee  (CF  -  0.2)  0.9 

Total  Estimated  Launch  Cost  (1980  $)  $11.3 


After  1985.  the  launch  costs  excluding  the  SSUS-D  purchase 
are  expected  to  jump  considerably  because  the  government  will 
attempt  to  recover  its  costs  through  user  charges.  CF  is  the 
cost  factor  discussed  in  the  text. 

Table  A-2.  Other  Delta-Class  Launch  Costs 
(Dollar  amounts  in  millions) 

Thor-Delta  3910/SSUS-D  (1980  $) 

Ariane/SYLDA  (1980  $) 


$22.0 

18.5 


ATTACHMENT  TO  APPENDIX  I 


h\ 

SHUTTLE  OPERATIONS  SUMMARY 


The  basic  inventory  of  the  Shuttle  consist^  of  the  Or  biter,  several 
upper  stage  payload  carriers,  and  spacelab.*  Tjhe  latter  is  an  inter¬ 
national  project  being  undertaken  by  the  European  Space  Agency. 

The  Shuttle  operates  by  "flying"  to  a  relatively  low  circular  earth 
orbit  from  which  all  payload  launch  and  retrieval  operations  are  per¬ 
formed.  Within  the  large  cargo  compartment  (60  ft  long  by  15  ft  dia¬ 
meter)  may  be  affixed  a  number  of  satellite  payloads,  a  payload  release 
mechanism  and/or  a  payload  retrieval  mechanism.  For  a  Kennedy  Space 
Center  launch,  the  basic  Shuttle  characteristics  are:  65,000  lb  (29,500 
kg);  160  nmi  (300  km)  altitude  in  a  circular  orbit;  28.5°  inclination. 
The  Orbiter  provides  a  form  of  upper  stage  launch  support  by  pointing 
each  upper  stage  in  the  proper  initial  pointing  direction.  It  also  pro¬ 
vides  payload  spin  up,  cooling  services,  supplemental  electrical  power, 
and  payload  functional  checkout.  The  Orbiter  flight  control  system 
provides  a  stability  of  ±0.1  degree  per  axis  for  any  required  reference 
attitude  prior  to  upper  stage  release.  The  initial  pointing,  spin  up, 
and  release  of  the  SSUS  in  the  Shuttle  Orbiter  is  similar  to  that  func¬ 
tion  performed  by  the  first  two  stages  of  the  Delta  three-stage  launch 
vehicle.  The  SSUS  performs  the  function  of  the  Delta  third  stage  for 
transfer  orbit  injection. 

For  a  nominal  geosynchronous  mission,  the  Shuttle  Orbiter  places 
the  payload  into  a  160-nmi  (300-km)  circular  orbit  inclined  at  28.5°. 
After  checkout,  the  SSUS  and  spacecraft  are  spun  up  and  deployed  by 
the  Orbiter.  Initial  stabilization  position,  attitude,  and  the  perigee 
velocity  vectors  are  obtained  from  the  Orbiter.  The  spin-up  proce¬ 
dures  are  initiated  and  controlled  from  the  Orbiter  aft  flight  deck. 
Spin  capability  of  up  to  100  rpm  for  the  SSUS-D  and  65  rpm  for  the 
SSUS-A  is  available  from  the  support  equipment  spin-up  mechanism. 
After  the  SSUS  and  spacecraft  are  released,  the  Orbiter  maneuvers  to  a 
safe  distance.  The  SSUS  and  Orbiter  coast  in  the  parking  orbit  until 
the  appropriate  crossing  of  the  Equator.  At  this  time,  the  SSUS  motor 
injects  the  SSUS /spacecraft  into  a  160-  by  19,323-nmi  (296-  by  35,786- 
km)  geosynchronous  transfer  orbit.  The  satellite  is  equipped  with  an 
integral  AKM  to  perform  the  final  phase  of  geosynchronous  orbit  injec¬ 
tion.  This  is  achieved  through  a  velocity  change  that  removes  the 
28.5°  orbit  inclination  and  simultaneously  raises  perigee  to  19,300  nmi. 


*Space  Transportation  System  User  Handbook,  National  Aeronautics  and 
Space  Administration,  June  1977. 


DERIVATION  OF  NET  SAVINGS  IMPACT 


The  attached  revised  tables  are  taken  from  the  OASIS  Final 
Report,  April  1981.  Table  5-9A  (Revised)  reflects  the  cost  of  satellite 
provider  costs  if  a  50  percent  sharing  of  satellite  cost  were  necessary. 
The  incremental  cost  is  transferred  to  Tables  8-16  and  8-18  to  illustrate 
the  additional  discounted  cost.  The  increase  shown  in  Table  8-16  is 
applicable  to  both  Configurations  15  and  16.  Likewise,  the  increase 
shown  in  Table  8-18  applies  to  both  Configurations  17  and  18.  Table 
5-15B  (Revised)  reflects  the  satellite  provider  boats  for  a  fully  dedi¬ 
cated  satellite  service.  These  costs  are  transferred  to  Table  8-20  for 
comparison.  The  cost  increases  shown  in  this  table  apply  to  Configura¬ 
tions  19  through  21. 

The  result  of  this  incremental  oost  analysis  is  summarized  in  Table 
9-6  (Revised)  where  the  corresponding  increases  in  provider  capital 
cost  and  decreases  in  present  value  net  savings  for  Configurations  15 
through  21  are  illustrated. 


TABLE  5-9A  (REVISED) 


SATELLITE  DATA  LINK  AND  VOICE 
PROVIDER  COSTS  FOR  IMPLEMENTING  AND  OPERATING 
THE  GROUND  AND  SPACE  SEGMENTS  FOR  THE  NAT 
<1979  US  Dollars) 


Ground 

Tracking,  Tali 

Yaar 

Satallitas 

Stations 

Maintananca 

j  C  Command 

1980 

i' 

i 

1981 

1.500,000 

(davolop. 

tast ,  spac . ) 

1982 

1,500.000 

(davalop. 

fast,  spac.) 

1983 

5,000,000 

1  984 

5,000,000 

1985 

5,000,000 

978.400 

1986 

19.000,000 

978.400 

100.000 

(2  satallits  ineluding 

ground  spara.  1  launch) 

1987 

978.400 

200.000 

1988 

14,000,000 

978.400 

400.000 

250.000 

( 1  sat ,  1 

launch) 

1989 

400,000 

250.000 

1990 

400,000 

250,000 

1991 

400,000 

250.000 

1992 

400.000 

250,000 

1993 

14,000,000 

400.000 

250.000 

( 1  sat .  1 

launch) 

1994 

400.000 

250,000 

1995 

14,000,000 

400,000 

250,000 

( 1  sat ,  1 

launch) 

1996 

400.000 

250.000 

1  997 

400,000 

250,000 

1998 

400.000 

250,000 

1999 

400, 000 

250.000 

2000 

14,000,000 

400,000 

250,000 

(1  sat.  1 

launeh) 

200  1 

400,000 

250,000 

2002 

14,000,000 

400,000 

250,000 

( 1  sat ,  1 

launch) 

2003 

400,000 

250.000 

2004 

400,000 

250.000 

2005 

400,000 

250,000 
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TABLE  5-15B  (REVISED) 


COOPERATIVE  INDEPENDENT  SURVEILLANCE  WITH  MULTIPLE  SATELLITE 

DATA  LINK  AND  VOICE 

PROVIDER  COSTS  FOR  IMPLEMENTING  AND  OPERATING 
THE  GROUND  AND  SPACE  SEGMENTS  FOR  THE  NAT  BEGIN  IMPLEMENTATION  IN  1986 

(1979  US  Dollars) 


adr 


Satel litas 


Ground 

Stations  Maintonanca 


Tracking,  Tol  onto  try 
C  Command 


986 


987 


988 

989 

990 

991 


999 

000 


01 

>02 

JOS 

>06 


1,500,000 


(dovalop 

1,500,000 

,  tast,  spac.) 

(dovalop 

,  tast,  spoc.) 

9,670,000 

9,670,000 

9,670,000 

1,678.800 

66,000,000 

1.678.000 

100,000 

(3  sats 

including  ground  sparo,  2 

launches) 

1.678,000 

200.000 

28,000,000 

1.678.000 

600,000 

250.000 

( 1  sat . 

1  launch) 

600.000 

250,000 

600,000 

250.000 

600.000 

250.000 

600,000 

250,000 

56,000,000 

600,000 

250,000 

(2  SAT, 

2  LAUNCHES) 

600,000 

250,000 

28,000,000 

600.000 

250,000 

(1  sat,  1 

launch) 

600,000 

250.000 

600,000 

250,000 

600,000 

250,000 

600,000 

250.000 

600,000 

250,000 

TABLE  8-16  (REVISED) 

COST  SUMMARY  FOR  NAT  CONF IGURATION  1 5 > 

AUTOMATIC  OEPENOEHT  SURVEILLANCE  HITH  SATELLITE  DATA  LINK  AID  VOICE 
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